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COMPOSITIONS CONTAINING A BIOCIDAL COMPOUND OR AN 
ADSORBENT AND/OR CATALYST COMPOUND AND METHODS OF 
MAKING AND USING THEREFOR 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates generally to compositions containing a biocidal 
compound or an adsorbent and/or catalyst compound and methods of making and using 
therefor. 

BACKGROUND ART 

The use of certain metal ions as antibacterial and antimicrobial agents are 
known in the art. For example, silver ions, copper ions, and zinc ions are useful 
antimicrobial agents. Typically, these metal ions are incorporated into a support 
system, wherein the support material ultimately releases the antimicrobial agent into an 
environment containing the microbial agent. 

Typically, the process for preparing the antimicrobial/support system generally 
involves contacting the support material with a solution containing the metal ion that 
possesses antimicrobial activity, then drying the resultant particle. Examples of this 
process are disclosed in Japanese Patent Application No. 3275627; Japanese Patent 
Application No. 5201817; Japanese Patent Application No. 6056613; Japanese Patent 
Application No. 6080528; Japanese Patent Application No. 6272173; Japanese Patent 
Application No. 8165208; Japanese Patent Application No. 9267070; Japanese Patent 
Application No. 10130885; International Application No. WO 9723594 to Walker; 
U.S. Patent No. 5,827,524 to Hagiwara et al\ U.S. Patent No, 4,504,387 to LeMire et 
al \ and U.S. Patent No. 5,441,717 to Ohsumi et al A disadvantage of this process is 
that the antimicrobial compound rapidly deadsorbs from the support, which results in 
reduced biocidal activity over time as well as the introduction of high levels of the 
antimicrobial compound into the environment. 



WO 01/11955 PCT/US00/21861 



Another process for incorporating silver into a support material involves the 
addition of a reducing agent to a mixture composed of the support material and a silver 
salt. The process results in the in situ reduction of the silver salt. U S. Patent No. 
4,396,512 to Beauman et al\ U S. Patent No. 5,824,267 to Kawasumi et al \ U S. Patent 
5 No. 4,407,865 to Nice; U S. Patent No. 4,130,506 to Collier et al.\XJ S. Patent No, 

4,126,582 to Diem et al \ and U S. Patent No. 4,353,741 to Capuano et al disclose the 
in situ reduction of a silver salt. None of these patents, however, disclose nor 
appreciate the benefits of drying and/or heating the support and the silver salt prior to 
contacting with the reducing agent. 

10 

There has been a need in the art for compositions that can release a biocidal 
compound at a desired rate that is dependent upon the bio active agent that is to be 
reduced or eliminated from an environment. There is also a need for compositions that 
can reduce or eliminate a bioactive agent in an environment for an extended period of 
15 time. Additionally, there is also a need for compositions that can reduce or eliminate a 

wide variety of bioactive contaminants. Finally, there is a need for compositions that 
can reduce or eliminate a bioactive agent in an environment that is present in high 
concentrations. 

20 There is also a need for compositions that contain an adsorbent and/or catalyst 

compound that can reduce or eliminate a variety of contaminants over an extended 
period of time from an environment. 

Applicants have developed new methods for preparing compositions containing 
25 a biocidal compound or an adsorbent and/or catalyst particle that address the needs 

described above. None of the above-cited documents disclose the compositions or pro- 
cesses such as those described and claimed herein. 



30 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention may be understood more readily by reference to the fol- 
lowing detailed description of preferred embodiments of the invention and the 
Examples included therein. 

Before the present compositions of matter and methods are disclosed and 
described, it is to be understood that this invention is not limited to specific synthetic 
methods or to particular formulations, as such may, of course, vary. It is also to be 
understood that the terminology used herein is for the purpose of describing particular 
embodiments only and is not intended to be limiting. 

In this specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 

The singular forms "a," "an" and "the" include plural referents unless the 
context clearly dictates otherwise. 

The term "ppm" refers to parts per million and the term "ppb" refers to parts per 

billion. 

The term "CFU" refers to colony forming units. 

"Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where 
the event or circumstance occurs and instances where it does not. 

The term "composition" as used herein is a system that is prepared from and is 
composed of two or more different components. 
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In accordance with the purpose(s) of this invention, as embodied and broadly 
described herein, this invention, in one embodiment, relates to a process for producing 
a composition containing a biocidal compound, comprising: 

5 (a) admixing a support with a first biocidal compound to produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to produce a 
heated mixture; and 

10 (c) contacting the heated mixture produced in step (b) with a reducing agent to 

reduce at least some of the first biocidal compound to produce a first reduced 
biocidal/support composition. 

The compositions produced by this process are referred to herein as "Group I 
15 compositions." 

The invention further. relates to a process for producing a composition 
containing a biocidal compound comprising: 

20 (a) admixing a support with a first biocidal compound to produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to produce a 
heated mixture; 

25 (c) contacting the heated mixture produced in step (b) with a reducing agent to 

reduce at least some of the first biocidal compound to produce a first reduced 
biocidal/support composition; and 

(d) oxidizing at least some of the first biocidal compound in the first reduced 
30 biocidal/support composition to produce a first oxidized biocidal/support 

composition. 
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The compositions produced by this process are referred to herein as "Group II 
compositions." 

5 The invention further relates to a process for producing a composition 

containing a biocidal compound, comprising: 

(a) admixing a support with a biocidal compound to produce a mixture; 

10 (b) drying the mixture to produce a dried mixture; and 

(c) contacting the dried mixture produced in step (b) with a reducing agent to 
reduce at least some of the biocidal compound to produce a reduced 
biocidal/support composition. 

15 

The compositions produced by this process are referred to herein as "Group III 
compositions." 

The invention further relates to a process for producing a composition 
20 containing a biocidal compound comprising: 

(a) admixing components comprising: 

(1) a support; 

25 

(2) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 

(3) a first biocidal compound; and 



30 



an acid; 
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(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the first biocidal compound to produce a first binder/biocidal 
composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) with a 
reducing agent to reduce at least some of the first biocidal compound to produce 
a first reduced biocidal/support composition. 

The compositions produced by this process are referred to herein as "Group IV 
compositions," 

The invention further relates to a process for producing a composition 
containing a biocidal compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

(ii) a support, and 

(iii) an acid, 

(b) removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the support to produce a binder/support system; and 

(c) admixing the binder/support system produced in step (b) with a first biocidal 
compound to produce a first binder/biocidal composition. 

The compositions produced by this process are referred to herein as "Group V 
compositions." 
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The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound, comprising: 

(a) admixing a support with a first adsorbent and/or catalyst compound to produce a 
mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to produce a 
heated mixture; and 

(c) contacting the heated mixture produced in step (b) with a reducing agent to 
reduce at least some of the first adsorbent and/or catalyst compound to produce 
a first reduced adsorbent and/or catalyst/support composition. 

The compositions produced by this process are referred to herein as "Group VI 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

(a) admixing a support with a first adsorbent and/or catalyst compound to produce a 
mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to produce a 
heated mixture; 

(c) contacting the heated mixture produced in step (b) with a reducing agent to 
reduce at least some of the first adsorbent and/or catalyst compound to produce 
a first reduced adsorbent and/or catalyst/support composition; and 
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(d) oxidizing at least some of the first adsorbent and/or catalyst compound in the 
first reduced adsorbent and/or catalyst/support composition to produce a first 
oxidized adsorbent and/or catalyst/support composition. 

5 The compositions produced by this process are referred to herein as "Group VII 

compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound, comprising: 

10 

(a) admixing a support with an adsorbent and/or catalyst compound to produce a 
mixture; 

(b) drying the mixture to produce a dried mixture; and 

15 

(c) contacting the dried mixture produced in step (b) with a reducing agent to 
reduce at least some of the adsorbent and/or catalyst compound to produce a 
reduced adsorbent and/or catalyst compound/support composition. 

20 The compositions produced by this process are referred to herein as "Group VIII 

compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

25 

(a) admixing components comprising: 
(1) a support; 



30 



(2) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 
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(3) a first adsorbent and/or catalyst compound; and 



(4) an acid; 



5 (b) removing a sufficient amount of water to cross-link the binder with itself, the 

support, and/or the adsorbent and/or catalyst compound to produce a first 
binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition produced in 
10 step (b) with a reducing agent to reduce at least some of the first adsorbent 

and/or catalyst compound to produce a first reduced adsorbent and/or 
catalyst/support composition. 

The compositions produced by this process are referred to herein as "Group IX 
15 compositions." 



The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

20 (a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

(ii) a support, and 

25 

(iii) an acid, 



(b) 

30 



removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the support to produce a binder/support system; and 
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(c) admixing the binder/support system produced in step (b) with a first adsorbent 
and/or catalyst compound to produce a first binder/adsorbent and/or catalyst 
composition. 

The compositions produced by this process are referred to herein as "Group X 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 

(ii) an adsorbent and/or catalyst compound and/or an adsorbent and/or 
catalyst precursor; and 

(iii) a base; and 

(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the adsorbent and/or catalyst compound or the adsorbent and/or 
catalyst precursor to produce a binder/adsorbent and/or catalyst composition. 

The compositions produced by this process are referred to herein as "Group XI 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

(a) mixing components comprising 
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(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

(ii) an adsorbent and/or catalyst compound and/or an adsorbent and/or 
catalyst precursor comprising a non-amorphous, non-ceramic, 

5 crystalline, porous, calcined, metal oxide particle that was produced by 

calcining at a particle temperature of from 300° C to 700° C, with a 
dilute acid for a sufficient time to increase the adsorbent properties of 
the particle, wherein the resultant acid treated particle is not 
subsequently calcined, wherein the acid contacting is more than a 
10 surface wash but less than an etching of the particle, and 

(iii) water, 

(b) removing a sufficient amount of water from the mixture to cross-link 
15 component a to itself, thereby entrapping and holding component b within the 

cross-linked binder, to form an adsorbent and/or catalyst and binder system. 

The compositions produced by this process are referred to herein as "Group XII 
compositions." 

20 

The invention further relates to a process for producing a composition 
containing a biocidal compound comprising: 

(a) admixing components comprising: 

25 

(i) a support; 

(ii) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 
30 (iii) a first biocidal compound; and 
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(iv) a base; 

(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the first biocidal compound to produce a first binder/biocidal 
composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) with a 
reducing agent to reduce at least some of the first biocidal compound to produce 
a first reduced biocidal/support composition. 

The compositions produced by this process are referred to herein as "Group XIII 
compositions." 

The invention further relates to a process for producing a composition 
containing a biocidal compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

(ii) a support, and 

(iii) a base, 

(b) removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the support to produce a binder/support system; and 

(c) admixing the binder/support system produced in step (b) with a first biocidal 
compound to produce a first binder/biocidal composition. 
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The compositions produced by this process are referred to herein as "Group XIV 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

(a) admixing components comprising: 

(i) a support; 

(ii) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 

(iii) a first adsorbent and/or catalyst compound; and 

(iv) a base; 

(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the adsorbent and/or catalyst compound to produce a first 
binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition produced in 
step (b) with a reducing agent to reduce at least some of the first adsorbent 
and/or catalyst compound to produce a first reduced adsorbent and/or 
catalyst/support composition. 

The compositions produced by this process are referred to herein as "Group XV 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 
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(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 
5 (ii) a support, and 

(iii) a base, 

(b) removing a sufficient amount of water from the mixture to cross-link the binder 
10 with itself and/or the support to produce a binder/support system; and 

(c) admixing the binder/support system produced in step (b) with a first adsorbent 
and/or catalyst compound to produce a first binder/adsorbent and/or catalyst 
composition. 

15 

The compositions produced by this process are referred to herein as "Group XVI 
compositions." 

The invention further relates to a process for producing a composition 
20 containing a biocidal compound comprising: 

(a) admixing components comprising: 

(i) a support comprising an adsorbent and/or catalyst compound and/or an 
25 adsorbent and/or catalyst precursor comprising a non- amorphous, non- 

ceramic, crystalline, porous, calcined, metal oxide particle that was 
produced by calcining at a particle temperature of from 300° C to 700° 
C, with a dilute acid for a sufficient time to increase the adsorbent 
properties of the particle, wherein the resultant acid treated particle is 
30 not subsequently calcined, wherein the acid contacting is more than a 

surface wash but less than an etching of the particle; 
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15 

(ii) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 

(iii) a first biocidal compound; and 

(iv) water; 

(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the first biocidal compound to produce a first binder/bio cidal 
composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) with a 
reducing agent to reduce at least some of the first biocidal compound to produce 
a first reduced biocidal/support composition. 



15 The compositions produced by this process are referred to herein as "Group XVII 

compositions." 

The invention further relates to a process for producing a composition 
containing a biocidal compound comprising: 

20 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

25 (ii) a support comprising an adsorbent and/or catalyst compound and/or an 

adsorbent and/or catalyst precursor comprising a non-amorphous, non- 
ceramic, crystalline, porous, calcined, metal oxide particle that was 
produced by calcining at a particle temperature of from 300° C to 700° 
C, with a dilute acid for a sufficient time to increase the adsorbent 

30 properties of the particle, wherein the resultant acid treated particle is 

not subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle, and 
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(iii) water, 



removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the support to produce a binder/support system; and 

admixing the binder/support system produced in step (b) with a first biocidal 
compound to produce a first binder/biocidal composition. 

The compositions produced by this process are referred to herein as "Group XVIII 
10 compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

15 (a) admixing components comprising: 



(b) 

5 

(c) 



(i) a support comprising an adsorbent and/or catalyst compound and/or an 
adsorbent and/or catalyst precursor comprising a non-amorphous, non- 
ceramic, crystalline, porous, calcined, metal oxide particle that was 
20 produced by calcining at a particle temperature of from 300° C to 700° 

C, with a dilute acid for a sufficient time to increase the adsorbent 
properties of the particle, wherein the resultant acid treated particle is 
not subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle; 



25 



(ii) a binder comprising a colloidal metal oxide or colloidal metalloid oxide; 



(iii) a first adsorbent and/or catalyst compound; and 



30 



water; 
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(b) removing a sufficient amount of water to cross-link the binder with itself, the 
support, and/or the adsorbent and/or catalyst compound to produce a first 
binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition produced in 
step (b) with a reducing agent to reduce at least some of the first adsorbent 
and/or catalyst compound to produce a first reduced adsorbent and/or 
catalyst/support composition. 

The compositions produced by this process are referred to herein as "Group XIX 
compositions." 

The invention further relates to a process for producing a composition 
containing an adsorbent and/or catalyst compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal metalloid oxide, 

(ii) a support comprising an adsorbent and/or catalyst compound and/or an 
adsorbent and/or catalyst precursor comprising a non-amorphous, non- 
ceramic, crystalline, porous, calcined, metal oxide particle that was 
produced by calcining at a particle temperature of from 300° C to 700° 
C, with a dilute acid for a sufficient time to increase the adsorbent 
properties of the particle, wherein the resultant acid treated particle is 
not subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle, and 

(iii) water, 

(b) removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the support to produce a binder/support system; and 
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(c) admixing the binder/support system produced in step (b) with a first adsorbent 
and/or catalyst compound to produce a first binder/adsorbent and/or catalyst 
composition. 

5 The compositions produced by this process are referred to herein as "Group XX 

compositions." 

The invention further relates to the compositions produced by the processes of 
the present invention. 

10 

The support can be any material that can absorb and/or adsorb a biocidal 
compound when the biocidal compound is admixed with the support. The support can 
be any material that can absorb and/or adsorb an adsorbent and/or catalyst compound 
when the adsorbent and/or catalyst compound is admixed with the support. Examples 
15 of supports useful in the present invention include, but are not limited to, a polymer, 

carbon, a cellulosic fiber, or a metal oxide. 

Any of the polymers disclosed in U.S. Patent No. 4,775,585 to Hagiwara et al, 
which is incorporated herein by this reference in its entirety, can be used in the present 

20 invention. In one embodiment, the polymer comprises synthetic or semi- synthetic 

organic polymers. Examples of organic polymers include, but are not limited to, 
polyethers, such as polyethylene oxide; thermoplastic synthetic polymers, such as 
polyethylene, polypropylene, polystyrene, polyvinyl chloride, polyvinylidene chloride, 
polyamides, polyesters, polyvinyl alcohol, polycarbonates, polyacetals, ABS resins, 

25 acrylic resins, fluorine-contained resins, polyurethane elastomers, polyester elastomers; 

thermosetting synthetic polymers, such as phenolic resins, urea resins, and urethane 
resins; or regenerated or semi- synthetic polymers, such as rayon, cuprammonium rayon, 
acetate rayon, triacetate rayon. In another embodiment, the polymer comprises Nylon 
6, Nylon 66, polyvinyl alcohol, polyvinyl chloride, polyvinylidene chloride, 

30 polyethylene terephthalate, polybutylene terephthalate, polyacrylonitrile, polyethylene, 

polypropylene and copolymers thereof; regenerated or semi- synthetic polymers such as 
rayon, cuprammonium rayon, acetate rayon, and triacetate rayon. 
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Examples of cellulosic fibers include paper and wood products. The cellulosic 
fibers disclosed in U.S. Patent No. 4,396,512 to Beuaman et al, which is herein 
incorporated by this reference in its entirety, can be used in the present invention. 

5 Any metal oxide known in the art can be used as the support in the present 

invention. Exaiqples of such metal oxides include, but are not limited to, oxide 
complexes, such as transition metal oxides, lanthanide oxides, as well as oxides of 
Group IIA (Mg, Ca, Sr, Ba), Group IIIA (B, Al, Ga, In, Tl), Group IV A (Si, Ge, Sn, 
Pb), and Group VA (As, Sb, Bi). In another embodiment, the metal oxide comprises an 

10 oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, 

zirconium, magnesium, thorium, or a combination thereof. Typically, any oxidation 
state of the metal oxide may be useful for the present invention. The metal oxide can 
be a mixture of at least two metal oxide particles having the same metal with varying 
stoichiometry and oxidation states. In one embodiment, the metal oxide comprises 

15 A1 2 0 3 , Ti0 2 , CuO, Cu^O, V 2 O s , Si0 2 , Mn0 2 , Mn 2 0 3 , Mn 3 0 4 , ZnO, MgO, Th0 2 , Fe 2 0 3 , 

Fe 3 0 4 , or zeolite. In one embodiment, the silicon dioxide comprises diatomaceous 
earth or diatomite. In a preferred embodiment, the support is aluminum oxide, silicon 
dioxide, or an oxide magnesium, more preferably aluminum oxide. 



20 In a further embodiment, the metal oxide further comprises a second type of an 

oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, 
zirconium, magnesium, thorium, or a combination thereof. In another embodiment, the 
metal oxide further comprises a second type of particles of aluminum oxide, titanium 
dioxide, copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron 

25 oxide, zinc oxide, or zeolite. Typical zeolites used in the present invention include "Y" 

type, "beta " type, mordenite, and ZsM5. In one embodiment, the support comprises 
aluminum oxide, silicon dioxide, or an oxide of magnesium, preferably aluminum 
oxide. 

30 In another embodiment, the metal oxide comprises an adsorbent and/or catalyst 

compound. When the metal oxide acts as an adsorbent, the metal oxide can adsorb a 
large amount of bioactive agent or contaminant from the environment. When the metal 
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oxide is an adsorbent, the bioactive agent or the contaminant is chemically bond to and 
very tightly retained in the metal oxide. These chemical bonds are ionic and/or 
covalent in nature. In one embodiment, when the metal oxide comprises an adsorbent 
and/or catalyst compound, the metal oxide can be regenerated using techniques known 
5 in the art. In another embodiment, when the support comprises a metal oxide, the metal 

oxide absorbs the bioactive agent or contaminant from the environment. 

When the metal oxide behaves as a catalyst, the metal oxide can catalytically 
decompose or remediate a contaminant in the environment. The catalytic reaction can 
10 be at room temperature for certain applications. 

In one embodiment, the support is heated from 80 to 1,800 °C prior to admixing 
the support with the first biocidal compound. In various embodiments, the lower limit 
of the heating temperature is 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 

15 800, 900, or 1,000 °C, and the upper limit of the heating temperature is 550, 600, 650, 

700, 750, 800, 850, 900, 950, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 1,600, or 1,700 
°C. In one embodiment, when the support is a metal oxide, the metal oxide comprises 
calcined or sintered aluminum oxide that was produced by calcining or sintering the 
precursor to the aluminum oxide at a particle temperature of from 200 °C to 1,800 °C. 

20 The precursor to the calcined or sintered aluminum oxide can include but is not limited 

to boehmite, bauxite, pseudo-boehmite, scale, Al(OH) 3 , and alumina hydrates. 

In another embodiment, the metal oxide is acid treated prior to admixing with 
the first biocidal compound. All of the metal oxides disclosed above can be acid 
25 treated. The acid activation or enhancement treatment process disclosed in U.S. Patent 

No. 5,985,790 and international publication no. WO 97/47380 entitled "Acid Contacted 
Enhanced Adsorbent Particle and/or Catalyst and Binder System," which are herein 
incorporated by this reference in their entirety, can be used in the present invention to 
prepare the acid treated metal oxide. 

30 

The acid that can be used in this invention can be any acid or mixture of acids 
that can promote the formation of hydroxyl groups onto the surface of the pores of the 
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metal oxide. Examples of such acids include, but are not limited to, nitric acid, 
sulfuric acid, hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid, 
and mixtures thereof. In a preferred embodiment, the acid is acetic acid because it is 
relatively safer to handle than most other acids and because of its cost effectiveness. 

5 

In one embodiment, the acid is diluted with water to prevent dissolution of the 
metal oxide. In general, only a dilute solution of the acid is required to achieve 
maximum or saturated loading of the ion moieties on the metal oxide. For example, a 
0.5 wt. % (0.09 N; pH of about 2.9) and even a 0. 1 wt. % (0.02 N; pH of about 3.25) 

10 acetic acid solution has been found effective. However, a wide range of concentrations 

of acid can be used in this invention from very dilute to very concentrated depending on 
the hazards involved and the economics of production. However, if the acid is too 
concentrated, it will etch the metal oxide and increase the number of macropores while 
eliminating micropores, which is detrimental to the particles of this invention. Thus, 

15 the acid treatment is preferably of a concentration (i.e. acid strength as measured by, 

e.g., normality or pH), acid type, temperature and length of time to be more than a mere 
surface wash but less than an etching. In particular embodiments, the etching of the 
metal oxide is minimized or is only nominal by selection of the acid treatment 
conditions, such as acid strength, acid type, and temperature and time of treatment, such 

20 that the reduction in overall surface area, as preferably measured by the BET method, is 

less than 20%, less than 15%, less than 10%, less than 5%, less than 2%, less than 1%, 
or less than 0.5%. Strong acids, such as for example hydrochloric acid, nitric acid or 
sulfuric acid, should preferably be used at a concentration or strength lower than a weak 
acid, such as for example acetic acid, because the strong acid tends to chemically react 

25 with and etch the metal oxide to a much greater degree than a weak acid of comparable 

concentration. 

In a particular embodiment, the acid is of an upper strength equivalent to a 0.5 
N (normality) aqueous solution of acetic acid. In other embodiments, the upper 
30 strength of the acid is equivalent to a 0.25 N, 0. 1 N, 0.09 N, 0.075 N, 0.05 N, 0.02 N, 

0.01 N, 0.005 N or 0.001 N aqueous acetic acid solution. The lower strength of the 
acid should be that which provides more than a surface washing but imparts enhanced 
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adsorbent effects to the metal oxide. In particular embodiments, the lower strength of 
the acid is equivalent to a 0.25 N, 0.1 N, 0.09 N, 0.075 N, 0.05 N, 0.02 N, 0.01 N, 
0.005 N, 0.001 N, 0.0005 N, or 0.0001 N aqueous acetic acid solution. 

5 After acid treatment, the resultant metal oxide substantially retains the 

micropores originally present and the acid does not etch the particle to any appreciable 
degree and does not create any appreciable amount of new macropores (median pore 
diameter greater than about 35 mn). In a preferred embodiment, when the metal oxide 
is aluminum oxide, the acid treated aluminum oxide maintains its microporous nature, 
10 having a median pore size of 3.5 nm to 35 nm diameter and a BET surface area of from 

120 to 350 m 2 /g. 

Additionally, the acid preferably has some water present to provide OH" and/or 
H + ions, which bond with the metal oxide. When the acid is diluted with water, the 
15 water is preferably distilled water to minimize the amount of impurities contacting the 

metal oxide during acid treatment. 

Typically, the acid enhanced metal oxide is made by the following process. The 
metal oxide can be contacted with the acid by various means, including the metal oxide 

20 being dipped in, extensively washing with, or submerged in the acid. The length of 

time the metal oxide is be contacted with the acid varies according to the ability of the 
particular metal oxide to generate hydroxyl groups on the surface and pores of the 
particle. The time can be as low as 30 seconds, a few (three) minutes, at least 15 
minutes, at least one hour, at least 6 hours, at least 12 hours, or at least one day, to 

25 achieve adequate adsorption results and/or to preferably assure saturation. The time 

must be sufficient to at least increase the number of hydroxyl groups on the metal 
oxide. In one embodiment, the metal oxide is submerged in the acid, and saturation is 
typically conplete when there is complete adsorption of the metal oxide pores with the 
acid solution. The contacting should be substantial enough to provide penetration of 

30 the acid throughout the pores of the metal oxide thereby increasing the number of 

hydroxyl groups on the pore surface of the particle. Mere washing the outside surface 
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of the metal oxide to remove impurities is not sufficient to provide adequate penetration 
of the acid into and throughout the pores of the metal oxide. 

In another embodiment, the metal oxide is base treated prior to admixing with 
5 the first biocidal compound. AH of the metal oxides disclosed above can be base 

treated. These particle are referred to herein as "a particle that has been pretreated with 
a base." 

In one embodiment, the base is diluted with water to prevent dissolution of the 

10 metal oxide. In general, only a dilute solution of the base is required to achieve 

maximum or saturated loading of the OH groups on the metal oxide. However, a wide 
range of concentrations of base can be used in this invention from very dilute to very 
concentrated depending on the hazards involved and the economics of production. 
However, if the base is too concentrated, it will etch the metal oxide and increase the 

15 number of macropores while eliminating micropores, which is detrimental to the 

particles of this invention. Thus, the base treatment is preferably of a concentration, 
base type, temperature and length of time to be more than a mere surface wash but less 
than an etching. In particular embodiments, the etching of the metal oxide is 
minimized or is only nominal by selection of the base treatment conditions, such as 

20 base strength, base type, and temperature and time of treatment, such that the reduction 

in overall surface area, as preferably measured by the BET method, is less than 20%, 
less than 15%, less than 10%, less than 5%, less than 2%, less than 1%, or less than 
0.5%. Strong bases, such as for example sodium hydroxide or potassium hydroxide, 
should preferably be used at a concentration or strength lower than a weak base, 

25 because the strong base tends to chemically react with and etch the metal oxide to a 

much greater degree than a weak base of comparable concentration. 

In a particular embodiment, the base is of an upper strength equivalent to a 0.5 
N (normality) aqueous solution. In other embodiments, the upper strength of the base is 
30 equivalent to a 0.25 N, 0. 1 N, 0.09 N, 0.075 N, 0.05 N, 0.02 N, 0.01 N, 0.005 N or 

0.001 N aqueous solution. The lower strength of the base should be that which 
provides more than a surface washing but imparts enhanced adsorbent effects to the 
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metal oxide. In particular embodiments, the lower strength of the base is equivalent to 
a 0.25 N, 0.1 N, 0.09 N, 0.075 N, 0.05 N, 0.02 N, 0.01 N, 0.005 N, 0.001 N, 0.0005 N, 
or 0.0001 N aqueous solution. 

5 After base treatment, the resultant metal oxide substantially retains the 

micropores originally present and the acid does not etch the particle to any appreciable 
degree and does not create any appreciable amount of new macropores (median pore 
diameter greater than about 35 mi). In a preferred embodiment, when the metal oxide 
is aluminum oxide, the acid treated aluminum oxide maintains its microporous nature, 
10 having a median pore size of 3.5 nm to 35 nm diameter and a BET surface area of from 

120 to 350m 2 /g. 

Typically, the acid or base contacting is preformed at room temperature. The 
higher the acid or base temperature and concentration, the more likely the acid or base 
15 will detrimentally etch the metal oxide. 

The acid or base contacted metal oxide is then optionally rinsed, preferably with 
water. Rinsing of the acid or base contacted metal oxide does not reduce the enhanced 
adsorptive capability of the particle. When rinsed, the metal oxide is preferably rinsed 
20 with distilled water to minimize impurity contact. Rinsing of the metal oxide serves 

two purposes. First, any residual acid or base that is remaining on the surface or pores 
of the metal oxide is removed, which will make the metal oxide easier to handle when 
it is in the dry form Second, rinsing the metal oxide will remove the counter-ion of the 
acid that may be on the surface or pores of the metal oxide. 

25 

Optionally, the acid or base treated metal oxide is dried by a low to moderate 
heat treatment to remove excess liquid, such as acid or water, from the rinsing. 
Typically, the drying is from about 50 °C to about 200 °C. Drying of the metal oxide 
also reduces the transfer cost of the particle. However, the acid or base treated metal 
30 oxide is preferably not calcined or recalcined after acid treatment. Such recalcining 

would detrimentally change the surface characteristics by closing up the micropores. 
Additionally, the acid or base treated metal oxide used in the invention is preferably not 
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sintered, either before or after the acid treatment step, as this would detrimentally affect 
the micropores by closing up the micropores and would detrimentally decrease the pore 
volume and surface area. Any other process, such as a heat treatment, that would 
increase the size or eliminate micropores, enlarge the size of, create or destroy 
5 macropores, or would decrease the surface area should preferably be avoided, 

particularly, after the metal oxide is acid or base treated. 

In one embodiment, prior to admixing the support with the first biocidal 
compound, the support is a metal oxide that is (1) calcined at a particle temperature of 
10 from 200 to 700 °C, and (2) contacted with a dilute acid, wherein the acid contacting is 

more than a surface wash but less than an etching, wherein the resultant acid treated 
metal oxide is not subsequently calcined. Preferably, the acid treated metal oxide is 
aluminum oxide. 

15 Biocidal compounds useful in the present invention include, but are not limited 

to an elemental metal, a metal salt, a metal oxide, or a combination thereof. The phrase 
"biocidal conpound" as used herein is any compound that kills a bioactive agent 
present in the environment or renders the bioactive agent inactive. "Biocidal 
compound" also refers to any compound that can prevent the growth of new bioactive 

20 agents. Therefore, the biocidal compounds used in the present invention are also 

bio static in nature. 

In one embodiment, the biocidal compound comprises a metal salt. In one 
embodiment, the biocidal compound is partially soluble to completely soluble in a 

25 solvent, wherein the solvent is preferably water. Examples of biocidal compounds 

useful in the present invention include, but are not limited to, a zinc compound, a 
mercury compound, a lead compound, an iron compound, a cobalt compound, a nickel 
compound, a manganese compound, an arsenic compound, an antimony compound, a 
bismuth compound, a cadmium compound, a chromium compound, or a combination 

30 thereof. In a preferred embodiment, the biocidal compound comprises a silver 

compound, a copper compound, or a combination thereof. 
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Examples of silver compounds include, but are not limited to, AgN0 3 , Ag 2 CO s , 
AgOAc, Ag 2 S0 4 , Ag 2 0, AgCl, AgBr, Agl, silver acetoacetate, a silver benzoate, a 
silver carboxylate, or a combination thereof. Examples of copper compounds include, 
but are not limited to Cu(N0 3 ) 2 , Cu(N0 3 ) 2 • 2.5 H 2 0, CuC0 3 , CuS0 4 , CuCl 2 , CuBr 2 , 
5 Cul 2 , CuO, Cu^O, Cul, Cu(OAc) 2 , copper acetoacetate, copper gluconate, a copper 

benzoate, a copper carboxylate, or a combination thereof. 

With respect to groups VI-X, the invention contemplates the use of any prior art 
adsorbent and/or catalyst compound or composite composition of two or more types of 

10 adsorbent and/or catalyst compounds as the first adsorbent and/or catalyst compound. 

In a preferred embodiment, the first adsorbent and/or catalyst compound comprises an 
oxide compound. The compound in one embodiment comprises a metal or metalloid 
oxide particle. Examples of such compounds include, but are not limited to, oxide 
complexes, such as transition metal oxides, lanthanide oxides, thorium oxide, as well as 

15 oxides of Group IIA (Mg, Ca, Sr, Ba), Group IIIA (B, Al, Ga, In, Tl), Group IVA (Si, 

Ge, Sn, Pb), and Group VA (As, Sb, Bi). In another embodiment, the compound 
conprises an oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, 
zinc, zirconium, tungsten, rhenium, arsenic, magnesium, thorium, silver, cadmium, tin, 
lead, antimony, ruthenium, osmium, cobalt or nickel or zeolite. Typically, any oxidation 

20 state of the oxide complexes may be useful for the present invention. The oxide can be 

a mixture of at least two metal oxide compounds having the same metal with varying 
stoichiometry and oxidation states. In one embodiment, the adsorbent and/or catalyst 
compound comprises Al 2 O s , Ti0 2 , CuO, Ci^O, V 2 0 5 , Si0 2 , Mn0 2 , Mn 2 0 3 , Mn 3 0 4 , 
ZnO, W0 2 , W0 3 , Re 2 0 7 , As 2 0 3 , As 2 0 5 , MgO, Th0 2 , Ag 2 0, AgO, CdO, Sn0 2 , PbO, 

25 FeO, Fe 2 0 3 , Fe 3 0 4 , Ru^, RuO, Os0 4 , Sb 2 0 3 , CoO, Co 2 0 3 , NiO or zeolite. In another 

embodiment, any of the biocidal compounds described above can be used as the first 
adsorbent and/or catalyst compound. 

In a further embodiment, the first adsorbent and/or catalyst compound further 
30 comprises a second type of adsorbent and/or catalyst compound of an oxide of 

aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, zirconium, 
tungsten, rhenium, arsenic, magnesium, thorium, silver, cadmium, tin, lead, antimony, 
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ruthenium, osmium, cobalt or nickel or zeolite, activated carbon, including coal and 
coconut carbon, peat, zinc or tin. In another embodiment, the first adsorbent and/or 
catalyst compound further comprises a second type of adsorbent and/or catalyst 
compound of aluminum oxide, titanium dioxide, copper oxide, vanadium pentoxide, 
5 silicon dioxide, manganese dioxide, iron oxide, zinc oxide, zeolite, activated carbon, 

peat, zinc or tin particle. Typical zeolites used in the present invention include "Y" 
type, "beta " type, mordenite, and ZsM5. In one embodiment, the first adsorbent and/or 
catalyst compound comprises aluminum oxide that was produced by calcining the 
precursor to the calcined aluminum oxide at a particle temperature of from 400 °C to 
10 700 °C. The precursor to calcined aluminum oxide can include but is not limited to 

boehmite, bauxite, pseudo-boehmite, scale, Al(OH) 3 and alumina hydrates. In the case 
of other metal oxide complexes, these complexes can also be calcined or uncalcined. 

In one embodiment, when the support is a metal oxide, the first adsorbent 
15 and/or catalyst compound and the metal oxide are not the same compound, hi another 

embodiment, when the support is a metal oxide, the metal oxide and the first adsorbent 
and/or catalyst compound are the same compound. For example, the metal oxide 
support can be calcined or sintered aluminum oxide, and the first adsorbent and/or 
catalyst particle can be acid treated aluminum oxide that has not been calcined or 
20 sintered. 

The support and the (a) first biocidal compound or (b) first adsorbent and/or 
catalyst compound can be admixed using a variety of techniques known in the art. In 
one embodiment, when the support comprises a metal oxide, and the first biocidal 

25 compound or the first adsorbent and/or catalyst compound comprises a metal oxide or 

an elemental metal, then an acidic solvent is used to admix the components. In another 
embodiment, the support and the first biocidal compound or first adsorbent and/or 
catalyst compound are admixed in the presence of a solvent. Many solvents can be 
used to admix the support and the first biocidal compound or the first adsorbent and/or 

30 catalyst compound. In one embodiment, the solvent used to admix the support and the 

first biocidal compound or the first adsorbent and/or catalyst compound comprises 
water, acidic water, basic water, an alcohol, a ketone, an ester, an ether, an aldehyde, a 
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polyol, or a combination thereof. Alternatively, the support and the first biocidal 
compound or the first adsorbent and/or catalyst compound can be admixed in dry form, 
and the dry mixture is optionally contacted with a solvent. In another embodiment, the 
admixing step comprises metathesizing the first biocidal compound on the support. 
5 The metathesis of biocidal compounds onto a support is well known in the art. In a 

preferred embodiment, the admixing step comprises mixing the support with first 
biocidal conpound/solvent system In this embodiment, the first biocidal compound is 
partially soluble or completely soluble in the solvent, preferably water, prior to 
contacting the support with the first biocidal compound/solvent system. 

10 

After the admixing step, the mixture is composed of an intimate mixture of the 
support and the first biocidal compound or the first adsorbent and/or catalyst 
compound. It is advantageous to intimately admix the support and the first biocidal 
compound or the first adsorbent and/or catalyst compound so that the first biocidal 
15 compound or the first adsorbent and/or catalyst compound is incorporated deep within 

the pores of the support. 

In one embodiment, once the support and the first biocidal compound or the 
first adsorbent and/or catalyst have been admixed, the resultant composition is heated 

20 from 80 to 1,800 °C. The lower limit of the heating temperature is 80, 100, 150, 200, 

250, 300, 350, 400, 450, 500, 600, 700, 800, 900, or 1,000 °C, and the upper limit of the 
heating temperature is 700, 750, 800, 850, 900, 950, 1,000, 1,100, 1,200, 1,300, 1,400, 
1,500, 1,600, or 1,700 °C Generally, after the heating step, the composition is allowed 
to cool to room temperature prior to conducting any additional steps (e.g., reduction 

25 step). In one embodiment, when the support is a metal oxide, by varying the heating 

temperature, it is possible to adjust or modify the phase, the number of Lewis or 
Bronsted sites, the surface area, and the pore volume of the metal oxide, which 
ultimately can be used to control the rate of release of the first biocidal compound from 
the metal oxide support. 

30 

In one embodiment, once the support and the first biocidal compound or the 
first adsorbent and/or catalyst compound have been admixed, the resultant composition 
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is dried from 20 to 50 °C, preferably at 20 to 30 °C, more preferably at 25 °C in order to 
remove any residual solvent that may be present in the admixture. Generally, the 
drying step is performed by allowing the composition to stand at ambient temperature 
for a sufficient time so that the majority of the solvent has evaporated. The dried 
5 mixture then can either be contacted with the reducing agent, or the dried mixture can 

be heated at from 80 to 1,800 °C then subsequently contacted with the reducing agent. 
In a preferred embodiment, when the dried mixture is composed of an aluminum oxide 
support and the biocidal compound is a silver compound, the dried mixture is contacted 
with a reducing agent. 

10 

The amount of first biocidal compound or the first adsorbent and/or catalyst 
confound that can be admixed with the support can vary depending upon the first 
biocidal compound, the first adsorbent and/or catalyst compound, and the support that 
are selected and the application of the resulting composition. In one embodiment, the 

15 support is from 0. 1 to 99.9 % by weight and the first biocidal compound or the first 

adsorbent and/or catalyst compound is from 0. 1 to 99.9 % by weight, wherein the sum 
of the first biocidal compound or the first adsorbent and/or catalyst compound and the 
support is 100 %. In another embodiment, the support is from 5 to 95 %, 10 to 90 %, 
20 to 80 %, or 30 to 70 % by weight, and the first biocidal compound or the first 

20 adsorbent and/or catalyst compound is from 5 to 95 %, 10 to 90 %, 20 to 80 %, or 30 to 

70 % by weight, wherein the sum of the first biocidal compound or the first adsorbent 
and/or catalyst compound and the support is 100 %. Although the sum of the support 
and the first biocidal compound or the first adsorbent and/or catalyst compound is 
100 %, the composition can include other components, such as additives and fillers. 

25 

In one embodiment, any of the compositions of the present invention can be 
contacted with a reducing agent to reduce at least some of the first biocidal compound 
or the first adsorbent and/or catalyst compound present in the composition. The phrase 
"at least some" when referring to the amount of first biocidal compound or the first 
30 adsorbent and/or catalyst compound that is reduced or oxidized is defined as greater 

than 0 % to a maximum of 100 % reduction or oxidation of the first biocidal compound 
or the first adsorbent and/or catalyst compound. In various embodiment, the lower 
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limit of reduction or oxidation is 1, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, or 80% and 
the upper limit 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 95, or 100%. Additionally, the 
support may also be reduced depending upon the type of support and reducing agent 
that is used. 

5 

In one embodiment, when the first biocidal compound is a metal salt, the metal 
ion can either be fully reduced to the corresponding elemental metal or it can be 
reduced to a metal ion having a lower oxidation state. In a preferred embodiment, 
when the first biocidal compound is a metal salt, the metal salt is reduced to elemental 

10 metal. One advantage of the reduction step is that by reducing the first biocidal 

compound, the rate of release of the first biocidal compound from the support can be 
controlled. Additionally, the reduction step results in the formation of a reduced 
composition having the first biocidal compound or the first adsorbent and/or catalyst 
compound in the form of elemental metal that is dispersed throughout support, which is 

15 capable of being oxidized to the corresponding metal oxide. By incorporating 

elemental metal within the support, the reduced compositions of the present invention 
can remove a bio active agent from the environment via a number of different 
mechanisms when compared to prior art compositions that do not have an elemental 
metal incorporated throughout the support. 

20 

The majority of reducing agents known in the art can be used in the present 
invention. The selection of the reducing agent varies depending upon the redox 
potential of the first biocidal compound or the first adsorbent and/or catalyst compound 
and support that are used. For example, when the support is a metal oxide, it is 

25 possible to selectively reduce the first biocidal compound without reducing the metal 

oxide by knowing the reduction potential of the metal oxide and the first biocidal 
compound and the redox potential of the reducing agent. In one embodiment, the 
reducing agent comprises a reducing sugar or an antioxidant. Any reducing sugar 
known in the art can be used in the present invention as a reducing agent. Examples of 

30 reducing agents include, but are not limited to, glucose, fructose, formaldehyde, 

hydrazine, sodium dithionate, sodium bisulfite, ascorbic acid (vitamin C), carbon 
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monoxide, hydrogen, methanol, ethanol, or vitamin E. In another embodiment, when 
the biocidal compound is a silver compound, the reducing agent is ascorbic acid. 



In another embodiment, any of the compositions of the present invention that 
5 contain at least some first reduced biocidal compound or at least some first reduced 

adsorbent and/or catalyst compound can be oxidized so that at least some of the first 
reduced biocidal compound or at least some of the first reduced adsorbent and/or 
catalyst compound is oxidized. When the first reduced biocidal compound or the first 
reduced adsorbent and/or catalyst compound is oxidized, it can be oxidized to a variety 

10 of oxidation states. The selection of the particular oxidizing agent depends upon the 

first reduced biocidal compound, the first reduced adsorbent and/or catalyst compound, 
and the support. By using redox potentials as described above, it is possible to 
selectively oxidize at least some of the first biocidal compound or the first adsorbent 
and/or catalyst conpound and not the support. Additionally, some of the support can 

15 be oxidized as well. An advantage of the oxidation step is that when the first reduced 

biocidal compound or the first reduced adsorbent and/or catalyst compound is an 
elemental metal that is incorporated throughout the support, and the elemental metal is 
oxidized to the corresponding metal oxide, the resultant oxidized composition has 
colloidal metal oxide incorporated or impregnated throughout the support. Another 

20 advantage of the oxidation step is that it is possible to produce a composition that has 

elemental metal and the corresponding metal oxide dispersed throughout the support, 
which is difficult to reproduce using prior art techniques. 

The majority of oxidizing agents known in the art can be used in the present 
25 invention. Examples of oxidizing agents include, but are not limited to, oxygen, ozone, 

hydrogen peroxide, C10 2 , C10 3 ", air, oxone®, potassium peroxymonosulfate, or a 
combination thereof. 

In another embodiment, the composition containing at least some first reduced 
30 biocidal compound or first reduced adsorbent and/or catalyst compound can be heated 

in air at from 80 to 1,500 °C in order to oxidize at least some of the first reduced 
biocidal compound or the first reduced adsorbent and/or catalyst compound. The lower 
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limit of the heating temperature is 80, 100, 150, 20, 250, 300, 350, 400, 450, 500, 600, 
700, 800, 900 °C, and the upper limit is 500, 550, 600, 650, 700, 750, 800, 850, 900, 
950, 1,000, 1,100, 1,200, 1,300, 1,400, or 1,500 °C 

5 Any of the compositions of the present invention containing the first biocidal 

conpound or the first adsorbent and/or catalyst compound can be contacted with the 
reducing agent or oxidizing agent using techniques known in the art. In one 
embodiment, the composition containing the support and the first biocidal compound or 
the first adsorbent and/or catalyst compound is contacted with an aqueous solution of 

10 the reducing agent or the oxidizing agent. The amount of reducing agent or oxidizing 

agent that is used can vary, and will depend on the amount of first biocidal compound 
or the first adsorbent and/or catalyst compound that is present in the composition as 
well as the desired degree of reduction or oxidation of the first biocidal compound or 
the first adsorbent and/or catalyst compound. In one embodiment, once the 

15 composition containing the first biocidal compound or the first adsorbent and/or 

catalyst compound has been contacted with the reducing agent, the resultant, reduced 
composition is contacted with an oxidizing agent. In one embodiment, the composition 
can be contacted with a reducing agent or oxidizing agent at from 0 to 100 °C In one 
embodiment, the mixing time can be as short as the time it takes the reducing or 

20 oxidizing agent to contact the composition up to an upper limit of 3 hours. 

In one embodiment, (a) the support comprises an oxide of aluminum, titanium, 
copper, vanadium, silicon, manganese, iron, zinc, zirconium, magnesium, thorium, or a 
combination thereof; (b) the biocidal compound comprises a zinc compound, a mercury 

25 compound, a lead compound, an iron compound, a cobalt compound, a nickel 

compound, a manganese compound, an arsenic compound, an antimony compound, a 
bismuth compound, a cadmium compound, a chromium compound, a silver compound, 
a copper compound, or a combination thereof; and (c) the reducing agent comprises 
glucose, fructose, formaldehyde, hydrazine, sodium dithionate, sodium bisulfite, 

30 ascorbic acid, or a combination thereof. 
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In one embodiment, the support is aluminum oxide and the first biocidal 
compound is a silver compound, a copper compound, or a combination thereof. In 
another embodiment, the support is aluminum oxide calcined at from 200 to 700 °C and 
the first biocidal compound is a silver compound, a copper compound, or a 
5 combination thereof. 

In another embodiment, when the composition is a Group I composition, the 
support is aluminum oxide and the first biocidal compound is AgN0 3 , wherein (1) the 
aluminum oxide and AgN0 3 are admixed then the mixture is heated from 100 to 

10 600 °C, and (2) the heated mixture is contacted with ascorbic acid. In another 

embodiment, when the composition is a Group I composition, the support is duminum 
oxide and the first biocidal compound is Cu(N0 3 ) 2 • 2.5 H 2 0, wherein (1) the 
aluminum oxide and Cu(N0 3 ) 2 • 2.5 H 2 0 are admixed then the mixture is heated from 
100 to 600 °C; and (2) the heated mixture is contacted with ascorbic acid. In another 

15 embodiment, when the composition is a Group I composition, the support is aluminum 

oxide and the first biocidal compound is Cu(N0 3 ) 2 • 2.5 H 2 0, wherein (1) the 
aluminum oxide and Cu(N0 3 ) 2 • 2.5 H 2 0 are admixed then the mixture is heated from 
100 to 600 °C; and (2) the heated mixture is contacted with sodium dithionate. 

20 In another embodiment, when the composition is a Group II composition, the 

support is aluminum oxide and the first biocidal compound is Cu(N0 3 ) 2 • 2.5 H 2 0, 
wherein (1) the aluminum oxide and Cu(N0 3 ) 2 • 2.5 H 2 0 are admixed then the mixture 
is heated at from 400 to 700 °C, preferably 550 °C; (2) the heated mixture is contacted 
with Na 2 S 2 0 4 ; and (3) the reduced composition is heated in air at from 90 to 1 10 °C. 

25 

In another embodiment, when the composition is a Group III composition, the 
support is aluminum oxide and the first biocidal compound is AgNO s , wherein (1) the 
aluminum oxide and AgN0 3 are admixed then the mixture is dried at room 
temperature; and (2) the dried mixture is contacted with ascorbic acid. 

30 

The binders disclosed in U.S. Patent No. 5,948,726 and international 
publication no. WO 97/47380 entitled "Acid Contacted Enhanced Adsorbent Particle 
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and/or Catalyst and Binder System," which are herein incorporated by this reference in 
their entirety, are useful as the cross-linkable binders of the present invention. 

The binder of the present invention comprises an oxide particle that is capable 
5 of reacting, preferably cross-linking, with (1) itself; (2) the support, and/or (3) the first 

biocidal compound or the first adsorbent and/or catalyst compound. In one 
embodiment, when the support is a metal oxide, the binder cross-links with the metal 
oxide upon drying by forming chemical bonds with itself and the metal oxide. Under 
acidic conditions, the binder has a large number of surface hydroxyl groups. In one 
10 embodiment, the binder, which is designated as B-OH, cross-links with itself upon the 

loss of water to generate B-O-B. In addition to cross-linking with itself, the binder B- 
OH can also cross-link with a metal oxide complex (M-O) or metal hydroxyl complex 
(M-OH) to produce B-O-M. 

15 In another embodiment, when the support is a polymer, and the polymer 

possesses one or more hydroxyl groups, then the binder can cross-link with the 
polymer. In another embodiment, the hydroxyl groups present on the cellulosic fiber 
can also cross-link with the binder. The resulting binder/support system consists of a 
three dimensional network or matrix, wherein the first biocidal compound or the first 

20 adsorbent and/or catalyst compound is incorporated within the matrix or is cross-linked 

with the binder. 

"Colloidal metal or metalloid oxide (i.e., colloidal metal oxide or colloidal 
metalloid oxide) binder" as defined herein means a particle comprising a metal or 

25 metalloid mixed hydroxide, hydroxide oxide, or oxide particle, such that the weight 

loss from the colloidal metal or metalloid oxide binder due to loss of water upon 
ignition is from 1 to 100%, 5 to 99%, 10 to 98%, or 50 to 95% of the theoretical water 
weight loss on going from the pure metal or metalloid hydroxide to the corresponding 
pure metal or metalloid oxide. The loss of water on going from the pure metal or 

30 metalloid hydroxide to the corresponding pure metal or metalloid oxide {e.g., the 

conversion of n M(OH) x to M^O^ and y H 2 0 or more specifically from 2 Al(OH) 3 to 
A1 2 0 3 and 3 H 2 0) is defined as 100% of the water weight loss. Thus, the weight loss 
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refers to loss of water based on the initial weight of water (not the total initial binder 
weight). There is a continuum of metal or metalloid hydroxides, hydroxide oxides, and 
oxides in a typical commercial product, such that, loss or removal of water from the 
metal or metalloid hydroxides produces the corresponding hydroxide oxides which 
5 upon further loss or removal of water give the corresponding metal or metalloid oxides. 

Through this continuum the loss or removal of water produces M-O-M bonds, where M 
is a metal or metalloid. The particles of this continuum, except for the pure metal or 
metalloid oxides, are suitable to serve as colloidal metal or colloidal oxide binders in 
this invention. 

10 

In another embodiment, the binder system involves the use of a binder in 
combination with a support and a first biocidal compound or the first adsorbent and/or 
catalyst compound with few or no surface hydroxyl groups, such that the support does 
not cross-link or only nominally cross-links with the binder. Examples of particles that 

15 posses only nominal amounts or that do not posses surface hydroxyl groups include 

particles of metals or non-metals, such as, but not limited to zinc or carbon, 
respectively. In this embodiment, the binder cross-links with itself in a manner 
described above to form a three dimensional network or matrix that physically entraps 
or holds the support and the first biocidal compound or the first adsorbent and/or 

20 catalyst compound without cross-linking or cross-linking only to a very small degree 

with the support. 

Binders that can be used in the present invention are colloidal metal or 
metalloid oxide complexes. Colloidal as used herein is defined as an oxide group that 

25 has a substantial number of hydroxyl groups that can form a dispersion in aqueous 

media. This is to be distinguished from the other use of the term colloid as used in 
regard to a size of less than 1 The binders herein are typically small in size, e.g. 
less than 150 pm, but they do not have to be all less than 1 (airx Typically, the binder is 
un-calcined to maximize the hydroxyl group availability. Moreover, they must have a 

30 substantial number of hydroxyl groups that can form a dispersion in aqueous media, 

which is not always true of colloid particles merely defined as being less than 1 |im 
Examples of binders include but are not limited to any metal or metalloid oxide 
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complex that has a substantial number of hydroxyl groups that can form a dispersion in 
aqueous media. In one embodiment, the binder is colloidal aluminum oxide, colloidal 
silicon dioxide, colloidal iron oxide, or a mixture thereof, preferably colloidal 
aluminum oxide or colloidal silicon dioxide. Colloidal aluminum oxide can be a 
5 powder, sol, gel or aqueous dispersion. Colloidal aluminum oxide may be further 

stabilized with an acid, preferably nitric acid, and even more preferably 3 to 4% nitric 
acid. 

In one embodiment, the binder is from 1% to 99.9% by weight of the mixture, 
10 preferably from 10% to 35% by weight. As used herein, the binder will be referred to 

as "colloidal" to distinguish it from the metal oxides that can be used as the support 
material, as the composition types can be the same, e.g. both can contain aluminirm 
oxides. 

15 In a preferred embodiment, the colloidal aluminum oxide is un-calcined with a 

sufficient number of hydroxyl groups such that the total particle weight loss (as 
distinguished from just water weight loss discussed above) upon ignition is between 
from 5% to 34%, more preferably from 20% to 31%. The colloidal aluminum oxide 
size is preferably from 5 nm to 400 pm, preferably at least 30 wt% is less than 25 jam 

20 and 95 wt% is less than 100 (am 

In another embodiment, the colloidal silicon dioxide is un-calcined with a 
sufficient number of hydroxyl groups such that the total particle weight loss upon 
ignition is between from 5% to 37%, more preferably from 20% to 3 1%. The colloidal 
25 silicon dioxide size is preferably from 5 nm to 250 (am, preferably at least 30 wt% is 

less than 25 (am and 95 wt% is less than 100 

In one embodiment, an acid facilitates the cross-linking the binder with (1) 
itself; (2) the support; (3) and/or the first biocidal compound or the first adsorbent 
30 and/or catalyst compound. The addition of an acid to the binder facilitates or enables 

the reaction (ue. , cross- linking) between the binder with itself and the different 
components. A strong or dilute acid can be used. In one embodiment, the acid is 
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. diluted with water to prevent dissolution of the particle and for cost effectiveness. The 
acid treatment is preferably of a concentration (Le. acid strength as measured by, e.g., 
normality or pH), acid type, temperature and length of time to cross-link the binder with 
itself , the support, and/or the first biocidal compound or the first adsorbent and/or 
catalyst compound. 

In one embodiment, the acid comprises nitric acid, sulfuric acid, hydrochloric 
acid, boric acid, acetic acid, formic acid, phosphoric acid or mixtures thereof, 
preferably acetic acid or nitric acid. In another embodiment, the concentration of the 
acid is from 0. 15 N to 8.5 N, preferably from 0,5 N to 1.7 N. The volume of dilute 
acid used must be high enough so that the compositions of the present invention can be 
used as is or further processed, such as extruded or filter pressed. 

In another embodiment, a base facilitates the cross-linking of the binder with (1) 
itself; (2) the support; (3) and/or the adsorbent and/or catalyst compound or precursor. 
Any of the supports and adsorbent and/or catalyst compounds or precursors described 
above can be used in this embodiment of the invention. The base that can be used in 
this invention can be any base or mixture of bases that can promote the formation of 
hydroxyl groups onto the surface of the support and/or the adsorbent and/or catalyst 
compound or precursor. Any base known in the art can be used to prepare the binder 
system Examples of useful bases include, but are not limited to, LiOH, NaOH, KOH, 
RbOH, CsOH, Be(OH) 2 , Mg(OH) 2 , Ca(OH) 2 , Sr(OH) 2 , Ba(OH) 2 , Bronsted bases, or 
Lewis bases such as, ammonia or pyridine in water. The concentration of the base will 
vary depending upon the selection of the support, the binder, and/or the adsorbent 
and/or catalyst compound or precursor. In one embodiment, the concentration is from 
0.05 to 0.5 N. In another embodiment, the lower limit of the base concentration is 0. 1 
N, 0.15 N, 0.20 N, 0.25 N, or 0.35 N, and the upper limit is 0.25 N, 0.30 N, 0.35 N, 
0.40 N, or 0.45 N. 

In another embodiment, water can be used to prepare the binder system In one 
embodiment, when the support and/or the adsorbent and/or catalyst compound or 
precursor are pretreated with an acid or a base to produce surface hydroxyl groups, then 
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water can be used to facilitate cross-linking between the binder and the support and/or 
the adsorbent and/or catalyst precursor. For example, any of the particles disclosed in 
U.S. Patent No. 5,985,790 and international publication no. WO 97/47380 can be used 
in this embodiment of the invention. Any of the acid-treated or base-treated supports 
and adsorbent and/or catalyst compounds or precursors described above can be used in 
this embodiment of the invention. 

In order to ensure efficient cross-linking, water is preferably removed from the 
resulting binder/biocidal composition or the binder/adsorbent and/or catalyst 
composition. This is typically performed by using a drying agent or heating the system 
The cross-linking temperature as used herein is the temperature at which the binder 
cross-links with itself, the support, and/or the first biocidal compound or the first 
adsorbent and/or catalyst compound at an acceptable rate. In one embodiment, the 
cross-linking temperature is from 25 °C to 400 °C. Thus, in one embodiment, the 
cross-linking temperature for certain binders is at room temperature although the rate of 
cross-linking at this temperature is slow. In a various embodiments, the cross-linking 
ten^erature is from 50 °C, 70 °C, 110 °C, or 150 °C to 200 °C, 250 °C, 300 °C, or 
350 °C, preferably 150 °C to 300 °C, even more preferably about 250 °C. In one 
embodiment, when the binder is colloidal aluminum oxide or colloidal silicon dioxide, 
the cross-linking temperature is from 75 °C to 150 °C. The cross-linking process can 
take place in open air, under an inert atmosphere or under reduced pressure. 

In another embodiment, after the cross-linking step, the binder/biocidal 
composition or the binder/adsorbent and/or catalyst composition is heated from 80 to 
1,800 °C in order to vary the surface area and pore volume of the composition. The 
lower limit of the heating temperature is 80, 100, 150, 20, 250, 300, 350, 400, 450, 500, 
600, 700, 800, 900 °C, and the upper limit is 500, 550, 600, 650, 700, 750, 800, 850, 
900, 950, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 1,600, 1,700, or 1,800 °C In one 
embodiment, by heating the binder/biocidal composition at different temperatures, it is 
possible to control the rate of release of the first biocidal composition from the 
binder/biocidal composition. In one embodiment, the binder/biocidal composition or 
the binder/adsorbent and/or catalyst composition is calcined. In another embodiment, 



WO 01/11955 



PCT/US00/21861 



39 

the binder/biocidal composition or the binder/adsorbent and/or catalyst composition is 
sintered. 

The binder/biocidal composition or the binder/adsorbent and/or catalyst 
composition of the present invention can be prepared by a variety of techniques. In one 
embodiment, the (1) binder; (2) the support; and (3) the first biocidal compound or the 
first adsorbent and/or catalyst particle are pre-mixed in dry form The colloidal binder 
can be added or prepared in situ. For example, alum could be added as a dry powder 
and converted to colloidal aluminum oxide in situ. Other aluminum based compounds 
can be used for the in situ process, such as aluminum chloride, aluminum secondary 
butoxide, and the like. A solution of the acid is added to the mixture, and the mixture 
is stirred or agitated, typically from 1 minute to 2 hours, preferably from 10 minutes to 
40 minutes, until the material has a homogeneous "clay" like texture. The mixture is 
then ready for cross-linking or can be first fed through an extruder and then cut or 
chopped into a final shape. After the final shape is made, the mixture is transferred to a 
drying oven where it is dried from 15 minutes to 4 hours, preferably from 30 minutes 
to 2 hours. In another embodiment, the binder and support is admixed with an acid and 
the resultant mixture is crosslinked to produce a binder/support system, then the 
binder/support system is subsequently admixed with the first biocidal compound or the 
first adsorbent and/or catalyst compound. 

Any support described above can be used in combination with the binder and 
the first biocidal compound or the first adsorbent and/or catalyst compound. In one 
embodiment, the support comprises aluminum oxide, silicon dioxide, or an oxide of 
magnesium, preferably aluminum oxide. In another embodiment, when the support is a 
metal oxide, the metal oxide is (1) calcined at a particle temperature of from 200 to 700 
°C, and (2) contacted with a dilute acid, wherein the acid contacting is more than a 
surface wash but less than an etching, wherein the resultant acid treated metal oxide is 
not subsequently calcined. In a preferred embodiment, the acid treated metal oxide is 
aluminum oxide. 
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Any of the biocidal compounds or adsorbent and/or catalyst compounds 
previously disclosed can be used to prepare the binder/biocidal composition or the 
binder/adsorbent and/or catalyst composition, respectively. In a preferred embodiment, 
the first biocidal compound comprises a silver compound, a copper compound, or a 
combination thereof. 

In one embodiment, a binder of the present invention can be combined with 
compositions I, II, HI, VI, VII, and/or VHI to produce a binder/biocidal composition or 
a binder/adsorbent and/or catalyst coiqDOsition. In one embodiment, composition I, II, 
m, VI, VII, and/or VIII can be 

(i) admixed with a binder comprising a colloidal metal oxide or colloidal metalloid 
oxide and an acid to produce a mixture, and 

(ii) removing a sufficient amount of water from the mixture to cross-link the binder 
with itself and/or the composition to produce a binder/biocidal composition or a 
binder/adsorbent and/or catalyst composition. 

In one embodiment, once the binder/biocidal composition or the 
binder/adsorbent and/or catalyst composition is produced, it can be contacted with a (1) 
reducing agent; or (2) a reducing agent followed by an oxidizing agent using the 
techniques and reagents described above. Alternatively, after the binder/biocidal 
composition or the binder/adsorbent and/or catalyst composition has been contacted 
with a reducing agent, the reduced composition can be heated in air at from 80 to 120 
°C in order to oxidize at least some of the first reduced biocidal compound or the first 
reduced adsorbent and/or catalyst compound. 

In one embodiment, the binder is colloidal aluminum oxide, the support is 
aluminum oxide, and the first biocidal compound is a copper compound, a silver 
compound, or combination thereof. In another embodiment, the binder is colloidal 
aluminum oxide, the support is aluminum oxide, and the first biocidal compound is a 
copper compound, wherein the resultant mixture is contacted with a reducing agent to 
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reduce at least some of the first biocidal composition to produce a reduced mixture, and 
oxidizing at least some of the first biocidal compound in the reduced mixture. 

Any of the compositions of the present invention can be admixed with a second 
5 biocidal compound or second adsorbent and/or catalyst compound to produce a new 

composition containing a first and second biocidal compound or adsorbent and/or 
catalyst compound. The second biocidal compound can be any of the first biocidal 
compounds previously disclosed. In a preferred embodiment, the second biocidal 
compound is a silver compound, a copper compound, or a combination thereof. 

10 Additionally, the second adsorbent and/or catalyst compound can be any of the first 

adsorbent and/or catalyst compounds described above. Once the composition 
containing the first and second biocidal compound or the first and second adsorbent 
and/or catalyst compound has been produced, the resultant composition can be 
contacted with (1) a reducing agent to reduce at least some of the second biocidal 

15 compound or at least some of the second adsorbent and/or catalyst compound; or (2) a 

reducing agent to reduce at least some of the second biocidal compound or at least 
some of the second adsorbent and/or catalyst compound followed by oxidizing at least 
some of the second reduced biocidal compound or at least some of the second reduced 
adsorbent and/or catalyst compound. 

20 

In one embodiment, the binder/biocidal composition can be admixed with a 
second biocidal compound to produce a second binder/biocidal composition, followed 
by contacting the second binder/biocidal composition with (1) a reducing agent to 
reduce at least some of the second biocidal compound; or (2) a reducing agent to reduce 

25 at least some of the second biocidal compound followed by oxidizing at least some of 

the second reduced biocidal compound. Alternatively, the binder/biocidal composition 
is (I) contacted with (1) a reducing agent to reduce at least some of the first biocidal 
compound; or (2) a reducing agent to reduce at least some of the first biocidal 
compound followed by oxidizing at least some of the first biocidal compound to 

30 produce a reduced and/or oxidized binder/biocidal composition, and (II) admixing a 

second biocidal compound with the reduced and/or oxidized binder/biocidal 
composition. 
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In one embodiment, the binder/adsorbent and/or catalyst composition can be 
admixed with a second adsorbent and/or catalyst compound to produce a second 
binder/adsorbent and/or catalyst composition, followed by contacting the second 
binder/adsorbent and/or catalyst composition with (1) a reducing agent to reduce at 
least some of the second adsorbent and/or catalyst compound; or (2) a reducing agent to 
reduce at least some of the second adsorbent and/or catalyst compound followed by 
oxidizing at least some of the second reduced adsorbent and/or catalyst compound. 
Alternatively, the binder/adsorbent and/or catalyst composition is (I) contacted with (1) 
a reducing agent to reduce at least some of the first adsorbent and/or catalyst 
compound; or (2) a reducing agent to reduce at least some of the first adsorbent and/or 
catalyst compound followed by oxidizing at least some of the first adsorbent and/or 
catalyst compound to produce a reduced and/or oxidized binder/adsorbent and/or 
catalyst composition, and (II) admixing a second adsorbent and/or catalyst compound 
with the reduced and/or oxidized binder/adsorbent and/or catalyst composition. 

The size and shape of the particles present in the composition can vary greatly 
depending on the end use. In one embodiment, the compositions of the present 
invention can be extruded to a particular shape and size using techniques known in the 
art. In one embodiment, when the composition is used to remove a bioactive agent or 
contaminant from a liquid, the particle size is from 5 microns to 4 mm, preferably 50 
microns to 1,5 mm In another embodiment, when the composition is used to remove a 
bioactive agent or contaminant from a gas, the particle size is from 5 microns to 4 mm, 
preferably 100 microns to 2 mm 

In yet another aspect, the invention provides a method for reducing or 
eliminating the amount of a bioactive agent from an environment, comprising 
contacting the environment with a composition containing a biocidal compound for a 
sufficient time to reduce or eliminate the amount of the bioactive agent in the 
environment. 

The invention further relates to a method for reducing or eliminating the amount 
of a contaminant from an environment, comprising contacting the environment with a 
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composition containing an adsorbent and/or catalyst compound for a sufficient time to 
reduce or eliminate the amount of the contaminant in the environment. In one 
embodiment, contaminants in an environment can be reduced or eliminated by a 
catalysis reaction. In another embodiment, contaminants in an environment can be 
reduced or eliminated by an adsorption reaction. 

Any environment containing a bioactive agent or contaminant can be contacted 
with a composition of the present invention in order to reduce or eliminate the amount 
of the bioactive agent or contaminant in the environment. The term "environment" as 
used herein refers to any media that contains at least one bioactive agent or at least one 
contaminant. In one embodiment, the environment is a liquid, preferably water. In 
another embodiment, the environment is a gas, preferably air. 

The term "reduce" herein refers to decreasing the amount of the bioactive agent 
or contaminant present in the environment when compared to the amount of the 
bioactive agent or contaminant present in the environment prior to contacting the 
environment with the composition. The term "reduce" can also refer to the reduction of 
the rate of growth of new bioactive agent in the environment over time (Le., biostatic). 
The term "reduce" can also refer to the injuring the bioactive agent so that the rate of 
reproduction of the bioactive agent is reduced. The term "eliminate" herein refers to 
the removal of the majority of the bioactive agent or the contaminant from the 
environment biocidal). 

The phrase "bioactive agent" generally refers to any microorganism known in 
the art that may be present in the environment. Examples of bioactive agents include, 
but are not limited to, gram-positive bacteria, gram-negative bacteria, yeast, mold, 
protozoa, viruses, cysts, fungi, or a combination thereof 

The compositions can be used to remove contaminants, such as, but not limited 
to, heavy metals, organics, including hydrocarbons, chlorinated organics, including 
chlorinated hydrocarbons, inorganics, or mixtures thereof. Specific examples of 
contaminants include, but are not limited to, acetone, ammonia, benzene, carbon 
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monoxide, chlorine, hydrogen sulfide, trichloroethylene, 1,4-dioxane, ethanol, ethylene, 
formaldehyde, hydrogen cyanide, methanol, methyl ethyl ketone, methylene chloride, 
oxides of nitrogen such as nitrogen oxide, propylene, styrene, oxides of sulfur such as 
sulfur dioxide, toluene, vinyl chloride, arsenic, cadmium, chlorine, 1,2- 
5 dibromochloropropane (DBCP), iron, lead, phosphate, radon, selenium, an anion, an 

oxoanion, a poly-oxoanion or an uranium compound, such as U 3 O s . The compositions 
of this invention can remediate individual contaminants or multiple contaminants from 
a single source. In a preferred embodiment, the contaminant that is removed from the 
environment is hydrogen sulfide or sulfur dioxide. 

10 - 

The compositions of the present invention can be used for a variety of 
applications. When the environment is a liquid media, the composition of the invention 
is typically placed in a container, such as a cartridge. The contaminated liquid enters 
the container at one end, contacts the composition within the container, and the purified 

15 liquid exits through another end of the container. The compositions can be used in dry 

form or can be prepared as a slurry. In one embodiment, the compositions of the 
present invention can be used to remove or eliminate a bioactive agent from drinking 
water. In another embodiment, the compositions of the present invention can be used 
to produce sterilized water that is used to reconstitiute blood. 

20 

In one embodiment, the environment can be a gas stream, wherein the gas 
stream is allowed to pass through a device containing a composition of the present 
invention. For exan^le, the compositions of the present invention can be used as air 
filters. In another embodiment, the compositions of the present invention can be used 
25 to remove a bioactive agent or contaminant from air, where the air is not a gas stream 

For example, when the support is a cellulosic fiber, such as wallpaper or wood, the 
conposition can reduce or eliminate the amount of the bioactive agent or contaminant 
when the bioactive agent or contaminant contacts the wallpaper or wood. 

30 Not wishing to be bound by theory, it is believed that bioactive agent absorbs 

and/or adsorbs onto the biocidal composition, which results in the death of the 
bioactive agent. It is also believed that the particles of the invention can affect redox 
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chemistry of the bioactive agent, which leads to the inactivation and/or death of the 
bioactive agent. Alternatively, the particles of the invention can injure the bioactive 
agent by physical means, such as tearing or puncturing the bioactive agent, which also 
adds to the effectiveness of the invention. It is also believed that the bioactive agent 
5 can induce the release of some of the biocidal compound from the composition. The 

release of the biocidal compound can kill the bioactive agent present in the 
environment, as well as prevent the growth of new bioactive agents. Additionally, the 
support over time can leach out the biocidal compound. The amount of biocidal 
compound that is released into the environment can vary depending upon the support 
10 system and biocidal compound that are selected, the bioactive agent present in the 

environment, and the method used to prepare the biocidal composition. Finally, as 
described above, the incorporation of elemental metal within the support using the 
process of the present invention results in the reduction or elimination of the bioactive 
agent in an environment via a number of different biological mechanisms. 

15 

In another embodiment, the invention relates to a method for reducing or 
eliminating the amount of a bioactive agent from an environment, comprising 
contacting the environment with a biocidal compound system, wherein the biocidal 
compound system comprises: 

20 

(a) a first layer comprising a scavenger, wherein the first layer has a first surface 
and a second surface, and 

(b) a second layer comprising a biocidal composition of the present invention, 
25 wherein the second layer has a first surface and a second surface, 

wherein the first surface of the first layer is adjacent to and in contact with the first 
surface of the second layer, 

30 for a sufficient time to reduce or eliminate the amount of the bioactive agent in the 

environment. 



WO 01/11955 



PCT/US00/21861 



46 

The invention further relates to a method for reducing or eliminating the amount 
of a bioactive agent from an environment, comprising contacting the environment with 
a biocidal compound system, wherein the biocidal compound system comprises: 

5 (a) a first layer comprising the composition produced by the process comprising: 

(i) admixing a first support with a first biocidal compound to produce a 
mixture; 

10 (ii) heating the mixture produced in step (i) at from 80 to 1,800 °C to 

produce a heated mixture; 

(iii) contacting the heated mixture produced in step (ii) with a reducing agent 
to reduce at least some of the first biocidal compound to produce a first 

15 reduced biocidal/support composition; and 

(iv) oxidizing at least some of the first biocidal compound in the first 
reduced biocidal/support composition to produce a first oxidized 
biocidal/support composition, 

20 

wherein the first layer has a first surface and a second surface, and 

(b) a second layer comprising the composition produced by the process comprising: 

25 (v) admixing a second support with a second biocidal compound to produce 

a mixture; 

(vi) heating the mixture produced in step (v) at from 80 to 1,800 °C to 
produce a heated mixture; and 

30 
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(vii) contacting the heated mixture produced in step (vii) with a reducing 
agent to reduce at least some of the second biocidal compound to 
produce a second reduced biocidal/support composition, 

wherein the first surface of the first layer is adjacent to and in contact with the first 
surface of the second layer, 

for a sufficient time to reduce or eliminate the amount of the bioactive agent in the 
environment. 

The invention further relates to a method for reducing or eliminating the amount 
of a bioactive agent from an environment, comprising contacting the environment with 
a biocidal compound system, wherein the biocidal compound system comprises: 

(I) a first layer comprising a binder con^osition, wherein the binder composition is 
produced by the method comprising 

(i) mixing components comprising 

(a) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(b) an oxide adsorbent and/or catalyst particle, and 

(c) an acid, and 

(ii) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or component b to form a binder composition, 

wherein the first layer has a first surface and a second surface, and 
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(II) a second layer comprising the composition produced by the process of the 
present invention, wherein the second layer has a first surface and a second 
surface, 

5 wherein the first surface of the first layer is adjacent to and in contact with the first 

surface of the second layer, 

for a sufficient time to reduce or eliminate the amount of the bioactive agent in the 
environment. 

10 

The term "adjacent" means that the layers in the multi-layered structure are in 
close proximity to one another, and may or may not imply that the layers are in direct 
contact with one another, 

15 The term "contact" means that the layers in the multi-layered structure are 

touching one another, and are not separated by an intermediate layer(s). 

Generally, the biocidal compound system is held in a column. Any column 
known in the art can be used to hold the biocidal compound system, and the size and 

20 shape of the column that is selected will vary depending upon the application. In one 

embodiment, as the environment enters the column and passes through the biocidal 
composition, the amount of the bioactive agent is reduced or eliminated from the 
environment. The environment then passes through the scavenger. The role of the 
scavenger is to remove any biocidal compounds that may have leached out of the 

25 biocidal composition and entered into the environment. Additionally, the scavenger 

can remove trace amounts of metals and other contaminants that may be present in the 
environment. In one embodiment, the scavenger is a metal oxide, an ion exchange 
polymer or resin, or a zeolite. In a preferred embodiment, the scavenger is aluminum 
oxide. After the environment has passed through the scavenger, the purified 

30 environment exits the column. In one embodiment, this application can be used to 

remove a bioactive agent from drinking water. 
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In another embodiment, the particles of the invention can be incorporated into 
"blocks," which are commonly used in the art for water treatment. In another 
embodiment, the particles of the invention can be impregnated into other types of 
media, such as polymers including, but not limited to, polyethylene or polypropylene. 
5 In another embodiment, the particles can be impregnated into carbon blocks in 

combination with organic binders. 

Any of the biocidal compositions of the present invention containing a first 
biocidal compound can be used in the second layer of the biocidal compound system 

10 In one embodiment, the biocidal composition forms a layer that is applied on top of the 

scavenger. In one embodiment, the second layer comprises a Group I composition. In 
a preferred embodiment, the second layer is a Group I composition having a silver 
compound Alternatively, two or more different biocidal compositions of the present 
invention can be admixed to produce a new biocidal composition, and the new biocidal 

15 conposition can be placed on top of the scavenger in order to form the second layer. 

In another embodiment, two or more layers of biocidal compositions can be 
used in the biocidal compound system In one embodiment, the biocidal compound 
system having a second layer, further comprises a third layer comprising a biocidal 

20 composition, wherein the third layer has a first surface and a second surface, wherein 

the first surface of the third layer is adjacent to and in contact with the second surface 
of the second layer. In one embodiment, the biocidal composition in the second layer is 
different than the composition in the third layer. In another embodiment, the second 
layer and the third layer can contain the same biocidal compound. For example, the 

25 biocidal compound in the second layer may be a copper compound that has been 

reduced, while the copper confound in the third layer may have been reduced and 
subsequently oxidized. In one embodiment, the biocidal compound composition 
comprises (1) a second layer composed of a group I composition, where the biocidal 
compound is a silver compound, and (2) a third layer comprising a Group II 

30 composition, where the biocidal compound is a copper compound. 
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In one embodiment, when the biocidal compound system is composed of two 
layers, the first layer is composed of a Group II composition, wherein the first support 
is aluminum oxide and the first biocidal compound is a copper compound; and the 
second layer is composed of a Group I connposition, wherein the second support is 
5 aluminum oxide and the second biocidal compound is a silver compound. 

In one embodiment, when the environment is passed through the biocidal 
compound system, it initially contacts the second surface of the second layer. In this 
embodiment, the term "initially" refers to the environment contacting the second 
10 surface of the second layer first before contacting the first layer. In another 

embodiment, the environment initially contacts the second surface of the third layer, hi 
this embodiment, the environment first contacts the third layer, then the second layer, 
then finally the first layer. 

15 In one embodiment, prior to contacting the biocidal compound system with the 

environment, the biocidal compound system is flushed with water, a dilute acid, or a 
dilute base. 

In another embodiment, a binder composition can be used in combination with 
20 any of the compositions of the present invention to produce the biocidal compound 

system. The binder composition can be any binder system disclosed in U.S. Patent No. 
5,948,726 and international publication no. WO 97/47380. In one embodiment, (1) the 
first layer comprises a binder composition prepared by admixing manganese dioxide, 
aluminum dioxide, aluminum oxide, and colloidal aluminum oxide; and (2) the second 
25 layer comprises aluminum oxide that has been impregnated with a silver compound; 

heated at from 80 to 1,800 °C; then contacted with a reducing agent. 

Although the adsorbent and/or catalyst compositions of the present invention 
can bond tightly to the contaminant, the composition can be regenerated by various 
30 techniques. In one embodiment, the composition can be regenerated by roasting it in 

air to reoxidize the composition. In another embodiment, the contaminant can be 
removed by contacting the composition having the adsorbed contaminant with a reagent 
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wash. The reagent wash can include but is not limited to aqueous ammonia, 
phosphines or detergents. In yet another embodiment, the use of a pH swing can 
remove the contaminant from the composition. Various pH ranges can be used to 
remove the contaminant from the composition depending upon the type of contaminant. 
5 In another embodiment, Lewis acids and bases can be used to remove the contaminant 

from the composition. 



10 



In another embodiment, the biocidal compositions can be regenerated by 
washing the biocidal composition with reagents known in the art that can remove or 
strip off the dead or trapped bioactive agent from the composition. 
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EXPERIMENTAL 

The following examples are put forth so as to provide those of ordinary skill in 
the art with a complete disclosure and description of how the compositions claimed 
5 herein are made and evaluated, and are intended to be purely exemplary of the 

invention and are not intended to limit the scope of what the inventors regard as their 
invention. Efforts have been made to ensure accuracy with respect to numbers (e.g. , 
amounts, temperature, etc.) but some errors and deviations should be accounted for. 
Unless indicated otherwise, parts are parts by weight, temperature is in °C or is at 
10 ambient temperature and pressure is at or near atmospheric. 

Example 1 

Silver Impregnation: Aluminum oxide (Alcan AA300 green bodies sized to 
15 212-300 microns, 30 mL) was treated with 15 mL of an aqueous AgN0 3 solution, 

which contains an amount of AgN0 3 equivalent to 1 % of the weight of the aluminum 
oxide. The aluminum oxide and aqueous AgN0 3 were mixed with a spatula in a 50 mL 
beaker until all of the aluminum oxide was covered with the liquid. The composition 
was allowed to dry at room temperature over night. The composition was then calcined 
20 as indicated in Table 1. 

Reduction of silver/aluminum oxide composition: The silver/aluminum oxide 
compositions produced above were each treated with the reducing agent ascorbic acid 
(Vitamin C). The compositions were independently added to a solution of ascorbic 
25 acid with stirring in a ratio of 0. 1 12 g of ascorbic acid in 80 mL of water for each 20 g 

of composition. The mixture was stirred for 5 minutes, then the reduced composition 
was allowed to stand at room temperature for one hour. The liquid was decanted, and 
the reduced composition was then washed twice with 100 mL portions of deionized 
H 2 0. 

30 



Leachabilitv Study: The reduced compositions, approximately 20 mL, were 
separately transferred to a column fitted with a stopcock. A solution of Ca 2+ was 
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prepared by dissolving 0.555 g of CaCl 2 in 10 L of H 2 0 to make a solution 20 ppm in 
Ca 2+ . The Ca 2+ solution was allowed to flow through each reduced composition at 
approximately 10 mL/min ( Y* bed volume/min). A 10 mL sample was collected at pre- 
selected eluted bed volumes as indicated in Table 1. One drop of concentrated HNO3 
5 was added to each sanple as a preservative. These samples were analyzed by ICP/MS. 

Table 1 gives the concentration of silver in the effluent in ppb as a function calcining 
time, temperature, and bed volume eluted. 



Table 1. Calcining Time and Temperature for Biocidal Media Preparation and 
10 Leaching Study for Silver and Aluminum. 



15 



Calcining Temp, 
(time) 


100 °C 
(lHr) 


250 °C 
ClHr) 


350 oC 
(lHr) 


450 °C 
ClHr) 


55( 
(1 


)°C 
Hr) 


Bed Volume 


r Ael ppb 


f Agl ppb 


TAgl ppb 


[ A fi] PP b 


[ A £] PP b 


TA11 ppm 


10 


50 


28 


21 


36 


52 




20 


34 


10 


10 


25 


37 


8.956 


30 


32 


9 


5 


20 


30 




40 


29 


12 


4 


7 


16 




50 


29 


16 


5 


7 


15 


0.255 


75 


38 


21 


13 


20 


43 




100 


35 


21 


16 


29 


39 


0.324 


125 


38 


23 


22 


17 


31 




150 


36 


23 


22 


18 


33 


0.235 


175 


39 


28 


26 


23 


40 




200 


43 


24 


25 


25 


34 


0.312 


225 


40 


28 


24 


28 


30 




250 


44 


29 


25 


29 


31 


0.318 


275 


41 


31 


30 


25 


32 




300 


36 


32 


31 


28 


33 


0.321 


325 


42 


32 


35 


32 


37 




350 


39 


33 


37 


34 


36 


0.326 


375 


40 


39 


34 


36 


37 




400 


45 


39 


34 


33 


37 


0.391 
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Example 2 

Conner Impregnation: Aluminum oxide (Alcan AA300 green bodies sized to 
212-300 microns, 30 mL) was treated with 12 mL of aqueous Cu(N0 3 ) 2 • 2 Vi H 2 0, 
5 which contains an amount of Cu(N0 3 ) 2 • 2 Vi H 2 0 equivalent to 3.66 % of the weight 

of the aluminum oxide. The aluminum oxide and aqueous Cu(N0 3 ) 2 were mixed with 
a spatula in a 50 mL beaker until all of the aluminum oxide was covered with the 
liquid. The copper/aluminum oxide conq)osition was allowed to dry at room 
temperature over night. The composition was then calcined at 100, 250, 350, 450, or 
10 550 °C for one hour as indicated in Table 2. 

Reduction of conner/aluminum oxide composition: The copper/aluminum oxide 
compositions produced above were each treated with ascorbic acid (1.5 g of ascorbic 
acid for each 25 g of composition in 100 mL of water). Each composition was added to 
15 the solution of ascorbic acid while stirring followed by stirring for 5 minutes, and then 

allowed to stand at room temperature for one hour. The liquid was decanted, and the 
reduced compositions were washed twice with 100 mL portions of deionized H 2 0. 

Leachabilitv Study: Each of the wet reduced compositions (20 mL) were 
20 separately transferred to a column fitted with a stopcock. A solution of Ca 2+ was 

prepared by dissolving 0.555 g of CaCl 2 in 10 L of H 2 0 to make a solution 20 ppm in 
Ca 2+ . The Ca 2 + solution was allowed to flow through each reduced composition at 
approximately 10 mL/min ( Vi bed volume/min). A 10 mL sample was collected at pre- 
selected eluted bed volumes as indicated in Table 2. One drop of concentrated HNO3 
25 was added to each sample as a preservative. These samples were then analyzed by 

ICP/MS. Table 2 gives the concentration of copper in the effluent in ppb as a function 
of calcining temperate and bed volume eluted. 
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Example 3 - Comparative Study 

Calcine then Conner Impregnation: Aluminum oxide (Alcan AA300 green 
bodies of sized to 212-300 jam, 48.02 g, 50 mL) was calcined at 550 °C for one hour. 
5 The calcined aluminum oxide was allowed to cool to room temperature. The calcined 

aluminum oxide (25.47 g, 30 mL) was weighed into a 50 mL beaker and treated with a 
solution of 0.93 g (3.66% of the weight of aluminum oxide) of Cu(N0 3 ) 2 * 2 V2 H 2 0 
dissolved in 12 mL of deionized H 2 0. The mixture was stirred with a spatula until all 
of the aluminum oxide was covered with the blue copper solution. The sample was 
10 transferred to a 250 mL beaker and placed into a drying oven for 2 hours at 100 °C. 

Reduction of conver/aluminum oxide composition: The copper/aluminum oxide 
composition produced above (21.411 g) was treated with the reducing agent Na 2 S 2 0 4 
(0.651 g) of in 100 mL of deionized H 2 0. The composition was added to the reducing 

15 agent with stirring. Upon addition of the composition to the solution, the composition 

immediately turned dark burgundy in color. The mixture was allowed to stir for 
approximately 5 minutes. The composition was allowed to sit in the reduction solution 
for approximately 1 hour after stirring. The liquid was decanted, and the composition 
was washed twice with 100 mL of de-iomzed H 2 0. The reduced composition was then 

20 placed into a drying oven in air for approximately 1 hour at 100 °C, during which time, 

the reduced composition returned to its original green color to produce the oxidized 
copper/aluminum oxide composition. 

Leachabilitv Study: The oxidized copper/aliiminum oxide composition was 
25 transferred to a column fitted with a stopcock. A solution of Ca 2+ was prepared by 

dissolving 0.555 g of CaCl 2 in 10 L of H 2 0 to make a solution 20 ppm in Ca 2 + The 
Ca 2+ solution was allowed to flow through the composition at approximately 10 
mL/min ( V2 bed volume/min). Approximately 10 mL samples were collected at 
various bed volumes as indicated in Table 3, one drop of nitric acid was added as a 
30 preservative, and the sample was analyzed for copper by ICP/MS. 
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Table 3: Copper Concentration (ppm) in the Effluent as a function of Bed Volume 



X5CU- V U1UII1C 




rAll (ppm) 


1 n 


12 

A. 






10 


0.10 




10 






8 




JU 


8 


0.19 


/ D 


6 






5 


0.03 




4 




1 ^0 


5 


0.03 


i / j 


3 




900 


9 


0.01 


225 


2 




250 


2 


0.009 


275 


2 




300 


2 


0.01 


325 


2 




350 


2 


0.04 


375 


1 




400 


1 


0.02 



Example 4 

Copper Impregnation: Aluminum oxide (Alcan AA300 green bodies sized to 
212-300 microns, 30 mL) was treated with 12 mL of aqueous Cu(N0 3 ) 2 • 2 Yi H 2 0 
which contains an amount of Cu(N0 3 ) 2 • 2 Yz H 2 0 equivalent to 3.66 % of the weight 
of the al uminu m oxide. The aluminum oxide and aqueous Cu(N0 3 ) 2 were mixed with 
a spatula in a 50 mL beaker until all of the aluminum oxide was covered with the 
liquid. The composition was allowed to dry at room temperature over night. The 
composition was then calcined 550 °C for one hour. 

Reduction of cower/aluminum oxide composition: The copper/aluminum oxide 
composition produced above (15.588 g) was treated with the reducing agent Na 2 S 2 0 4 
35 (0.486 g) of in 63 mL of deionized H 2 0. The composition was added to the solution 

with stirring. Upon addition of the composition to the solution, the composition 
immediately turned dark burgundy in color. The mixture was allowed to stir for 



25 



30 
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approximately 5 minutes. The composition was allowed to sit in the reduction solution 
for approximately 1 hour after stirring. The liquid was decanted, and the reduced 
composition was washed twice with 100 mL of de-ionized H 2 0. The reduced 
composition was then placed into a drying oven in air for approximately 1 hour at 
5 100 °C, during which time, the reduced composition to returned to its original green 

color to produce the oxidized copper/aluminum oxide composition. 

Leachabilitv Study: The oxidized copper/aluminum oxide composition was 
transferred to a column fitted with a stopcock. A solution of Ca 2+ was prepared by 
10 dissolving 0.555 g of CaCl 2 in 10 L of H 2 0 to make a solution 20 ppm in Ca 2 + The 

Ca 2+ solution was allowed to flow through the composition at approximately 10 
mL/min ( V4 bed volume/min). Approximately 10 mL samples were collected at 
various bed volumes as indicated in Table 4, one drop of nitric acid was added as a 
preservative, and the sample was analyzed for copper by ICP/MS. 



15 
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Table 4: Copper Concentration (ppm) in the Effluent as a function of Bed Volume 



Bed Volume 


[Cu] (ppm) 


LA1J (ppm; 


10 


A 1 1 

U. 1 1 




20 


f\ 1 o 
0.12 


A AO 
U.UZ 


30 


a 1 t 
U. 1 / 




40 


1 o 

u.lo 




50 


a on 
U.zU 


u.uz 


75 


a o /i 
U.Z4 




100 


a o ^ 


n no 
u.uz 


125 


U.ZD 




150 


A AO 


U.UJ 


175 


A AH 

u.vy 




200 


A AO 

0.08 


A A1 
U.Ul 


ZZ5 


n 1 1 

U. i I 




250 


0.12 


0.02 


275 


0.13 




300 


0.13 


0.03 


325 


0.14 




350 


0.13 


0.02 


375 


0.16 




400 


0.15 


0.03 



Example 5 - Zone of Tnhihition Using Biocidal Compositions 

25 

The ability of the biocidal compositions of this invention to prevent the growth 
of bacteria was examined by carrying out zone of inhibition studies as. described below. 
The biocidal compositions used in this example were prepared with the materials 
indicated in Tables 5 and 6 in a manner similar to that described in examples 1 and 4. 
30 All of the support materials are aluminum oxide with the exception of one composition, 

which has silica gel as the support. 



A circle was bored into a 25.0 mL Tryptic Soy Agar or MacConkey Agar plate 
using a Vi inch diameter cork borer. The agar was approximately X A inch thick in a 
35 standard 100 mm x 15 mm petri dish. A lawn of E.coli was prepared by dipping the tip 

of a sterile swab into a broth with lxlO 4 CFU/mL or greater of E.coli. The saturated 
tip was swabbed across the entire surface of the plate. This was achieved by starting at 
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the outer edge of the plate and swabbing evenly towards the center of the plate. Once 
the center was reached the plate was rotated approximately 1/3 of a full rotation and the 
swabbing step was repeated. This process was repeated until the entire plate was 
covered. A spatula was used to remove the bored plug and the hole was packed with 
5 the composition to be tested. Using a dropper orlmL pipette, two drops of sterile 

water were added to the composition to aid diffusion. The plates were incubated for 24 
hr at 37 °C After incubation the plates were examined for culture growth and any 
inhibited growth around the perimeter of the composition. If a zone of inhibited growth 
was found around the composition, it was measured from the outer edge of the biocidal 
10 composition to the outer edge of the zone of inhibition. The results are shown in 

Tables 5 and 6. 



WO 01/11955 



61 



PCT/US00/21861 



H 



S 



li 



CO 



CO 

:2 



CO 



CO 



CO 



cd 



o a u 



CN 

'.go 

•■i8 

§ 



O *§ u 
co -9 9k 

if- 

■g 



o a u 

co^.So 
•3 

■g 



s 



cd 



O 3 u 

S 



! 



! 

< 



o 

<; 



I 



CO 



'g 

o 
o 



T— I 



8 



o 
o 

CO 
(N 
CN 



o 
o 

CO 
I 



(N 



S 



s 



o 
o 

CO 



o 
o 

CO 

i 

CN 



S 



o 
o 

CO 
I 

o 
o 

CN 



O 
O 

CO 



a 

g 

U 
•53 

| 
55 



CO 



(N 

CO 

£ 



8 

5 



I 

U 



CN CN 
co| CO 

I ■ 

U 



CO 

g 

U 



CM 

To 



CO 

i 



CO 

§ 



cN 

s — \ 

CO 

§ 



uo 



CO 

o 



a 

Cd 

o 
co 



I 



< 



cn 

o 
< 



CO 

o 

be 
< 



o 



o 
co 



5 

g 

I 

u 



a 



Q 
Q 

cd 



CO 



in 



in 



o 

CN 



WO 01/11955 



PCT/US00/21861 



62 

Table 6: Zone on inhibition produced by copper and silver compositions calcined 
at 1000 °C for 2 hours then (1) reduced or (2) reduced and subsequently oxidized 



in air* 





Support 


r>iociciai 


r dTTlClc olZC Ul 


IXC tlLlL^ iil^ 


7nnp Cif 






Compound 


Support 


Agent 


Inhibition 
(mm) 


5 


Silica Gel 


1% AgN03 


200-300 microns 


Ascorbic 
Acid 


TVT 1 — * 
JN.JJ. 




Alcoa DD2 


1% AgN03 


212-300 microns 


Ascorbic 
Acid 


N.D. 




Condea Alumina 


1% AgN03 


212-300 microns 


Ascorbic 


0.5 




Beads 






Acid 






Alcan AA 300 


1% AgN03 


212-300 microns 


Ascorbic 


N.D. 


10 


Green Bodies 






Acid 






Compalox AN/V 


1% AgN03 


212-300 microns 


Ascorbic 


N.D. 




801 






Acid 






Alcoa DD2 


5% Cu(N03)2 


212-300 microns 


Na 2 S 2 0 4 


N.D. 




Silica Gel 


5% Cu(N03)2 


200-300 microns 


Na 2 S 2 0 4 


N.D. 


15 


Condea Alumina 
Beads 


5% Cu(N03)2 


212-300 microns 


Na 2 S 2 0 4 


1 




Compalox AN/V 


5% Cu(N03)2 


212-300 microns 


Na 2 S 2 0 4 


N.D. 




801 












Alcan AA 300 


5% Cu(N03)2 


212-300 microns 


Na 2 S 2 Q 4 


N.D. 


20 


Green Bodies 











N.D. = none detected 
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Example 6 

E.Coli were grown overnight in YTN media supplemented with glucose. This 
culture was used to inoculate 500 mL of YTN, and this second culture was allowed to 
5 grow for several hours. The optical density of the culture was followed at 625 nm to 

estimate the CFU/mL. When the culture was sufficiently dense to provide the proper 
number of bacteria, the culture was spun down and the bacteria were then resuspended 
in a solution containing 20 ppm calcium at approximately pH 7. 

10 A small amount of glass wool was gently rolled into a ball and lightly pack into 

bottom of monster pipette (Fischer Scientific # 13-678-8). The pipette was filled with 
sterile water to ensure that an adequate flow rate of approximately one-drop per second 
was achieved. The column was packed with 5 grams of the biocidal composition by 
rinsing the wet composition into the column. Next, the column was prewashed with 20 

15 mL of water containing 20 ppm calcium at approximately pH 7. A short piece of wide 

tubing was connected to the top of the column and the other end to a peristaltic pump. 
The E.Coli suspension to be tested was run through the column at a flow rate of 
approximately Vi bed volume/min and the effluent collected for analysis at desired 
times. Bacteria were pumped onto the column at concentrations between 1 X 10 2 and 

20 7.0 X 10 7 CFU/mL. A portion of each sample collected (1 mL) was plated onto a 

MacConkey agar plate and incubated at 37 °C overnight. The plates were read by 
counting the colonies manually. The remaining sample was in some cases preserved 
with 1 drop of nitric acid and then analyzed by ICP/MS. 

25 The biocidal composition used in this example was prepared by impregnating 

coirpalox aluminum oxide, sized to 212-300 microns, with 3.66 % Cu(N0 3 ) 2 , 
calcining at 550 °C for 1 hour, reducing with Na 2 S 2 0 4 , then oxidizing in air at 100 °C 
for 1 hour in a manner similar to that described in Example 4. The results of this 
experiment are shown in Table 7. 



30 
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Table 7. Compalox alumina impregnated with 3.66 % Cu(N0 3 ) 2 , calcined, 



550 °C for 1 hour, reduced with Na 2 S 2 0 4 , then heated to 100 °C in air for 1 hour. 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% removed 


[Cu] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 








20 


30,000 


1,425 


95.2 


0 


115 


40 


30,000 


1,832 


93.9 


40 


24 


60 


30,000 


2,200 


92.7 


37 


27 


80 


30,000 


2,400 


92.0 


29 


30 


100 


30,000 


5,700 


81.0 


5 


36 
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Example 7 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 3.66 % Cu(N0 3 ) 2 , reducing 
15 the composition with Na 2 S 2 0 4 , then oxidizing the reduced composition in air at 100 °C 

for 1 hour in a manner similar to that described in Example 4. A small column was 
prepared and used as in Example 6. The results of this experiment are shown in Table 



20 Table 8, Compalox alumina impregnated with 3.66 % Cu(N0 3 ) 2> uncalcined, 



reduced with Na2S204, then heated at 100 °C in air fori hour. 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% 


[Cu] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 


removed 






20 


140,000 


3,306 


97.6 


761 


117 


40 


140,000 


3,450 


97.5 


713 


0.5 


60 


140,000 


3,700 


97.4 


1,193 


387 


80 


140,000 


3,540 


97.5 


799 


9 


100 


140,000 


3,500 


97.5 


745 


0.3 



30 Example 8 



The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 1 % AgN0 3 , calcining at 550 
°C for 1 hour, then reducing the composition with ascorbic acid in a manner similar to that 
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described in Example 1. A small column was prepared and used as in example 6. The 
results of this experiment are shown in Table 9. 

Table 9. Compalox alumina impregnated with 1 % AgN0 3 , calcined, 550 °C for 1 



hour, then reduced with ascorbic acid 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% removed 


[AgJ (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 








20 


30,000 


14 


99.9 


5 


72 


40 


30,000 


62 


99.8 


61 


82 


60 


30,000 


75 


99.8 


56 


65 


80 


30,000 


164 


99.4 


53 


65 


100 


30,000 


210 


99.3 


48 


84 



Example 9 

15 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 1 % AgN03, and the 
resultant composition was dried overnight at room temperature. The dried composition 
was then reduced with ascorbic acid in a manner similar to that described in Example 1. 
20 A small column was prepared and used as in Example 6. The results of this experiment 

are shown in Table 10. 

Table 10. Compalox alumina impregnated with 1 % AgN0 3 , then reduced with 



ascorbic add. 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% 


[Ag] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 


removed 






20 


140,000 


78 


999 


63 


48 


40 


140,000 


120 


99.9 


57 


50 


60 


140,000 


250 


99.8 


51 


44 


80 


140,000 


295 


99.8 


49 


61 


100 


140,000 


310 


99.8 


50 


81 
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Example 10 - Comparat ive Study 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 3.66 % Cu(N0 3 ) 2 , and the 
5 resultant composition was dried overnight at room temperature in a manner similar to 

the given in Example 4. The dried composition was not calcined and reduced, A small 
column was prepared and used as in Example 6. The results of this experiment are 
shown in Table 1 1 . 



Table 11. Compalox alumina impregnated with 3.66 % Cu(N0 3 ) 2 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% 


[Cu] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 


removed 






20 


16,000 


81 


99.5 


6,591 


223.7 


40 


16,000 


114 


99.3 


5,425 


135.4 


60 


16,000 


125 


99.2 


4,313 


60.5 


80 


16,000 


129 


99.2 


4,313 


36.7 


100 


16,000 


150 


99.1 


3,849 


17.0 



Example 11 ■ Comparative Study 

20 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 3.66 % Cu(N0 3 ) 2 and 
calcining the resultant composition at 550 °C for one hour in a manner similar to the 
given in Example 4. The composition was not contacted with a reducing agent. A 
25 small column was prepared and used as in Example 6. The results of this experiment 

are shown in Table 12. 
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Table 12. Compalox alumina impregnated with 3.66 % Cu(N0 3 ) 2 then calcined, 
550 °C. 



5 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% removed 


[Cu] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 








20 


9,000 


22 


99.8 


0.81 


285.7 


40 


9,000 


86 


99.0 


0.91 


115.9 


60 


9,000 


180 


98.0 


1.20 


102.1 


80 


9,000 


200 


97. 8 


1.43 


86.8 


100 


9,000 


246 


97.3 


1.39 


80.1 



Example 12 - Comparative Study 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 1 % AgN0 3 , then calcining 
15 the resultant composition at 550 °C for one hour in a manner similar to that in Example 

1. The composition was not contacted with a reducing agent. A small column was 
prepared and used as in Example 6. The results of this experiment are shown in Table 
13. 



20 Table 13. Compalox alumina impregnated with 1 % AgN0 3? then calcined at 



550 °C for 1 hour. 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% removed 


[Ag] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 








20 


9,000 


0 


100. 


40.4 


3,220 


40 


9,000 


7 


99.9 


40.0 


259.4 


60 


9,000 


31 


99.7 


50.3 


160.7 


80 


9,000 


22 


99.7 


35.0 


138.1 


100 


9,000 


40 


99.6 


31.1 


115.0 



30 
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Example 13 - Compara tive Study 

The biocidal composition used in this example was prepared by impregnating 
compalox aluminum oxide, sized to 212-300 microns, with 1 % AgN0 3 , and the 
5 resultant composition was dried overnight at room temperature in a manner similar to 

the procedure in Example 1. The dried composition was not calcined and reduced. A 
small column was prepared and used as iu Example 6. The results of this experiment 
are given in Table 14. 

10 Table 14* Compalox alumina impregnated with 1 % AgN0 3 . 



15 



Bed 


Cells CFU/mL 


Cells CFU/mL 


% 


[Ag] (ppb) 


[Al] (ppb) 


Volume 


Influent 


Effluent 


removed 






20 


16,000 


0 


100.0 


40.0 


413.9 


40 


16,000 


0 


100.0 


31.4 


268.4 


60 


16,000 


1 


99.9 


29.1 


142.1 


80 


16,000 


4 


99.9 


28.1 


19.1 


100 


16,000 


6 


99.9 


28.4 


106.9 



20 
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Example 14 

In a mini column that was packed and used as described in Example 6, 1 part by 
weight of reduced copper/aluminum oxide composition (1.7 g compalox alumina, sized 
5 to 212-300 microns, that was impregnated with 3.66 % Cu(N0 3 ) 2 , calcined at 550 °C 

for 1 hour, then reduced with Na 2 S 2 0 4 using the procedure in Example 4) was placed 
over 2 parts by weight reduced sflver/aluminum oxide composition (3. 3 g compalox 
aluminum oxide, sized to 212-300 microns, that was impregnated with 1 % AgN0 3 , 
calcined, 550 °C for 1 hour, then reduced with ascorbic acid using the procedure in 
10 Example 1) to produce a two layer system The liquid containing the E. Coli was first 

passed through the reduced copper/aluminum oxide composition, then through the 
reduced sUver/aluminum oxide composition. The column was run as in Example 6. 
The results of this experiment are shown in Table 15. 

15 Table 15. 1 part compalox alumina impregnated with 3.66 % Cu(N0 3 ) 2 , calcined 

at 550 °C for 1 hour, then reduced with Na 2 S 2 04: 2 parts compalox alumina 
impregnated with 1 % AgN0 3 , calcined at 550 °C for 1 hour, then reduced with 



ascorbic acid. 



Bed 


Cells 


Cells 


% 


[Ag] 


[Cu] 


[Al] 


Volume 


CFU/mL 


CFU/mL 


removed 


(ppb) 


(ppb) 


(pbb) 




effluent 


Influent 










20 


8 


120,000 


99.9 


28.1 


0.18 


125. 


40 


23 


120,000 


99.9 


31.8 


0.82 


61.3 


60 


84 


120,000 


99.9 


28.7 


0.66 


49.9 


80 


156 


120,000 


99.9 


25.5 


0.11 


37.3 


100 


43 


120,000 


99.9 


21.5 


N.D. 


15.4 


160 


75 


120,000 


99.9 


20.1 


0.10 


86.3 


580 


8 


120000 


99.9 


23.8 


0.49 


437 


630 


168 


120,000 


99.9 


22.8 


0.14 


129 



30 
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Example 15 

Standard bacteria suspensions of E.Coli (ATCC-25922) were prepared by 
growing the bacteria overnight in YTN media supplemented with glucose. The 
5 overnight culture is used to inoculate 500 mL of YTN. The large bacterial culture is 

grown for several hours and the optical density followed at 625 nm When the culture 
is of sufficient optical density at 625 nm to provide the proper number of bacteria the 
culture is spun down and the bacteria resuspended in a solution containing 20 ppm 
calcium The bacterial solution is pumped onto the column at concentrations between 1 
10 X 10 4 and 7.0 X 10 7 colony forming units (CFU) per mil, at a predetermined flow rate 

(1/3- 1 bed volume/min). Samples of the column effluent (50 mL) were collected at 
predetermined intervals. A 1 mL sample of effluent was plated onto MacConkey agar 
plates and incubated at 37 °C overnight. The remaining sample was analyzed for metals 
by ICM/MS. 

15 

The biocidal composition used in this example was prepared by impregnating 
aluminum oxide (Alcan AA300 alumina green bodies alumina, sized to 212-300 
microns), with 1 % AgN0 3 , calcining the composition at 550 °C for 2 hours, then 
reducing the composition with ascorbic acid in a manner similar to that described in 
20 Example 1. The column was run with 80 g of reduced composition in a 1 inch diameter 

column at a flow rate of approximately 1/3 bed volume/min as described above. The 
results of this experiment are shown in Table 16. 
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Table 16. Aluminum oxide impregnated with 1 % AgN03, calcined at 550 °C for 
2 hours, then reduced with ascorbic acid. 



5 



10 



Bed Volume 


CeUs CFU/mL 
Influent 


Cells CFU/mL 
Effluent 


% 

removed 


20 


250,000 


0 


100.00 


40 


250,000 


0 


100.00 


60 


250,000 


0 


100.00 


80 


250,000 


0 


100.00 


100 


250,000 


1 


99.9 


130 


140,000 


4 


99.9 


150 


140,000 


14 


99.9 


430 


140,000 


144 


99.9 


480 


80,000 


180 


99. 8 


530 


80,000 


192 


99.8 


580 


80,000 


734 


99.1 


630 


80,000 


542 


99.3 


680 


80,000 


846 


98.9 


730 


80,000 


1,244 


98.4 



20 
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Example 16 

A mini column was packed and run as described in Example 6 with 1 part by 
weight of reduced copper/aluminum oxide composition and 2 parts by weight reduced 
sUver/aluminum oxide composition, wherein the reduced copper/aluminum oxide 
composition was placed over the reduced sflver/aluminum oxide composition. The 
reduced copper/aluminum oxide composition was produced as follows: (1) aluminum 
oxide (1.7 g Alcan AA400, sized to 212-300 microns) was impregnated with a 
sufficient amount of Cu(N03>2 to give a 6.5 % copper composition upon calcining at 
550 °C for 4 hours to produce an impregnated copper/aluminum oxide composition; 
and (2) the impregnated copper/aluminum oxide composition was contacted with 
Na2S204 and then heated using the procedure in Example 4 to produce the reduced 
copper/aluminum oxide composition. The reduced silver/aluminum oxide composition 
was prepared as follows: aluminum oxide (3.3 g Condea Pural, sized to 100-300 (Am) 
was impregnated with 1 % AgN03, calcined 550 °C for 1 hour, then reduced with 
ascorbic acid using the procedure in Example 1 to produce the reduced silver aluminum 
oxide composition. 

The liquid containing the £. Coli was first passed through the reduced 
copper/aluminum oxide composition, then through the reduced silver/aluminum oxide 
composition at Vi bed volumes/min. The column was run as in Example 6, and the 
results are given in Table 17. 
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Table 17. Two Layer System Composed of 1 part by weight of reduced 
copper/aluminum oxide composition and 2 parts by weight reduced 
silver/aluminum oxide composition, wherein the reduced copper/aluminum oxide 
5 composition was placed over the reduced silver/aluminum oxide composition. 



15 



Bed Volume 


Cells 


Cells 


Of 
70 


r A rrl 
lAgJ 






CFU/mL 


CFU/mL 


removed 


(ppb) 


(ppb) 




effluent 


Influent 








20 


1.1 X10^> 


4 


99.9 


2.5 


0.7 


40 


1.1 XKP 


3 


99.9 


N.D. 


N.D. 


60 


1.2X10 3 


3 


99.9 


0.4 


4.0 


80 


1.2 XKP 


3 


99.9 




N.D. 


330 


1.2 XKP 


1 


99.9 


4.2 


N.D. 


430 


1.2 XKP 


431 


99.9 


5.8 


4.8 


490 


1.2 X10^> 


650 


99.9 


3.1 


10.6 


530 


1.2 XKP 


197 


99.9 


3.9 


4.8 


550 


1.2X10 5 


390 


999 


3.2 


12.8 
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Example 17 

A mini column was packed and run as described in Example 6 with 1 part by 
weight of reduced copper/aliiminum oxide composition and 2 parts by weight reduced 
silver/aluminum oxide composition, wherein the reduced copper/aluminum oxide 
composition was placed over the reduced silver/aluminum oxide composition. The 
reduced copper/aluminum oxide composition was produced as follows: (1) aluminum 
oxide (1.7 g Alcan AA400, sized to 212-300 microns) was impregnated with a 
sufficient amount of Cu(NC>3)2 to give a 6.5 % copper composition upon calcining at 
550 °C for 4 hours to produce an impregnated copper/aluminum oxide composition; 
and (2) the impregnated copper/aluminum oxide composition was contacted with 
Na2S204 and then heated using the procedure in Example 4 to produce the reduced 
copper/aluminum oxide compo sition. The reduced stiver/aluminum oxide compo sition 
was prepared as follows: aluminum oxide (3.3 g Condea Pural, sized to 100-300 fim) 
was impregnated with 1 % AgNC^, calcined 550 °C for 1 hour, then reduced with 
ascorbic acid using the procedure in Example 1 to produce the reduced silver aluminum 
oxide composition. 

The liquid containing the E. Coli was first passed through the reduced 
copper/aluminum oxide composition, then through the reduced silver/aluminum oxide 
composition at ¥2 bed volumes/min. The column was run as in Example 6, and the 
results are given in Table 18. 
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Table 18. Two Layer System Composed of 1 part by weight of reduced 
copper/aluminum oxide composition and 2 parts by weight reduced 
silver/aluminum oxide composition, wherein the reduced copper/aluminum oxide 
composition was placed over the reduced silver/aluminum oxide composition. 



Bed 


Cells 


Cells 


% 


[Ag] 


[Cu] 


[Al] 


Volume 


CFU/mL 


CFU/mL 


removed 


(ppb) 


(ppb) 


(pbb) 




effluent 


Influent 










20 


7 X 10 2 


0 


100 


81.9 


27.3 


49.6 


40 


7 X 10^ 


0 


100 


85.8 


10.6 


24.1 


60 


7 X 10 ^ 


0 


100 


71.1 


12.4 


26.0 


80 


7X 10^ 


0 


100 


72.5 


12.5 


21.0 


100 


7X 10^ 


0 


100 


67.0 


10.2 


21.8 


150 


7X 10^ 


0 


100 


65.1 


10.7 


14.6 


360 


7X 10^ 


0 


100 


50.8 


18.0 


7.7 


480 


7X 10^ 


0 


100 








500 


7X 10^ 


0 


100 
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Example 18 



A mini column was packed and run as described in Example 6 with 1 part by 
weight manganese dioxide/aluminum oxide composition and 2 parts by weight reduced 
5 silver/aluminum oxide composition, wherein the manganese dioxide/aluminum oxide 

composition was placed over the reduced silver/aluminum oxide composition. The 
manganese dioxide/aluminum oxide composition was prepared by the process disclosed 
in international publication WO 97/47380, wherein 5 % by weight MnC>2, 25 % 
colloidal aluminum oxide (Condea disperal P2), and 70 % Versal GH aluminum oxide 

10 (calcined at 550 °C for 1.5 hours) was admixed with acetic acid (60 mL of 7 % acetic 

acid per 100 g of dry material used). The reduced silver/aluminum oxide composition 
was prepared by impregnating aluminum oxide (3.3 g Condea Pural NW aluminum 
oxide, sized to 100-300 microns) with 1 % AgNC>3, calcining the silver/aluminum 
oxide composition at 550 °C for 1 hour, then reducing the silver/aluminum oxide 

15 composition with ascorbic acid using the procedure in Example 1 to produce the 

reduced silver/aluminum oxide composition. 



The liquid containing the E. Coll was first passed through manganese 
dioxide/aluminum oxide composition, then through the reduced silver/aluminum oxide 
20 composition at 1/3 bed volumes/min. The column was run as in Example 6 the results 

are given in Table 19. 



25 
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Table 19* Two Layer System Composed of 1 part by weight manganese 
dioxide/aluminum oxide composition and 2 parts by weight reduced 
silver/aluminum oxide composition, wherein the manganese dioxide/aluminum 
oxide composition was placed over the reduced silver/aluminum oxide 
5 composition. 



Bed 


Cells 


Cells 


% 


[Ag] 


[Mn] 


[Al] 


Volume 


CFU/mL 


CFU/mL 


removed 


(ppb) 


(ppb) 


(pbb) 




effluent 


Influent 










20 


2.7 xlO 5 


0 


100 


50.1 


110. 


10.4 


40 


2.7 xlO^ 


0 


100 


41.4 


69.3 


8.4 


60 


2.7 xlO 5 


1 


99.9 


35.3 


28.8 


53.7 


80 


2.7 xlO^ 


1 


99.9 


24.1 


11.0 


33.6 


360 


1.0 xl0^> 


69 


99.9 


13.9 


1.4 


90.2 


410 


9.0 xlO 4 


28 


99.9 








460 


1.1 xKP 


18 


99.9 









Example 19 

20 Aluminum oxide (Alcan AA400G sized to 212-300 microns, 30 mL) was 

admixed with aqueous solution of Cu(N0 3 ) 2 • 2 l /z H 2 0, then calcined at 550 °C for 1 
hour. The resultant composition was then reduced with Na 2 S20 4 , then oxidized in ak- 
in a manner similar to that described in Example 4. 

25 Approximately 1.5 g of the oxidized copper/aluminum oxide composition was 

placed in a Cahn TG- 15 1 TGA. The composition was held in a platinum mesh basket 
fabricated in-house in order to maximize contact between the adsorbent and the reactive 
gases. All weight gains and losses are reported in wt % relative to the initial 
composition weight. The composition was heated in methane at 500 °C for 30 minutes. 

30 This step is the preliminary "regeneration" step. The regeneration step provides a 

consistent initial oxidation state of the active adsorbent for all subsequent 
measurements, regardless of the initial form of the composition. The composition is 
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then cooled to 150 °C in flowing nitrogen. The composition was then exposed to a S0 2 
mixture, which contains 3,000 ppmof S0 2 and 2 % oxygen in nitrogen, for one hour. 
After this, the composition is exposed to flowing nitrogen for 15 minutes to purge the 
system. The flow is then switched to pure methane and the sample heated to 500 °C 
and held at that temperature for 30 minutes to regenerate the composition. Complete 
regeneration of the surface adsorption capacity of the composition is realized by this 
method. This cycle is then repeated as needed to investigate loss of capacity as a 
function of regeneration cycle. The composition adsorbed 2. 13 wt % S0 2 in the first 
cycle, 2.67 wt % S0 2 in the second cycle, and 2.57 wt % S0 2 in the third cycle. 

Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered as 
exemplary only, with a true scope and spirit of the invention being indicated by the 
following claims. 
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What is claimed: 

1. A process for producing a composition containing a biocidal compound, 
comprising: 

(a) admixing a support with a first biocidal compound to produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to 
produce a heated mixture; and 

(c) contacting the heated mixture produced in step (b) with a reducing agent 
to reduce at least some of the first biocidal compound to produce a first 
reduced biocidal/support composition. 

2. The process of claim 1, wherein the support comprises carbon, a polymer, or a 
cellulosic fiber. 

3. The process of claim 1, wherein the support comprises a metal oxide. 

4. The process of claim 3, wherein the metal oxide is an adsorbent and/or catalyst 
compound. 

5. The process of claim 3, wherein the metal oxide comprises a transition metal 
oxide, a lanthanide oxide, a Group DA oxide, a Group IDA oxide, a Group IVA 
oxide, a Group VA oxide, or a combination thereof. 

6. The process of claim 3, wherein the metal oxide comprises an oxide of 
aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, 
zirconium, magnesium, thorium, or a combination thereof 

7. The process of claim 3, wherein the metal oxide comprises zeolite. 
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8. The process of claim 3, wherein the metal oxide comprises A1 2 0 3 , Ti0 2 , CuO, 
CuA V 2 0 5 , Si0 2 Mn0 2 , Mn 3 0 4J ZnO, MgO, Th0 2 , or a combination thereof. 

9. The process of claim 1 , wherein the support is aluminum oxide. 

10. The process of claim 1, wherein the support is silicon dioxide. 

1 1 . The process of claim 1 , wherein the support is an oxide of magnesium 

12. The process of claim 1, wherein the admixing step comprises mixing the 
support with a first biocidal compound/solvent system 

13. The process of claim 1, wherein the first biocidal compound comprises an 
elemental metal, a metal salt, or a combination thereof. 

14. The process of claim 1 , wherein the first biocidal compound comprises a zinc 
compound, a mercury compound, a lead compound, an iron compound, a cobalt 
compound, a nickel compound, a manganese compound, an arsenic compound, 
an antimony compound, a bismuth compound, a cadmium compound, a 
chromium compound, or a combination thereof. 

15. The process of claim 1, wherein the first biocidal compound is a silver 
compound. 

16. The process of claim 1 , wherein the first biocidal compound is a copper 
compound. 

17. The process of claim 1, wherein the first biocidal compound is a silver 
compound and a copper compound. 
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18. The process of claim 1, wherein the first biocidal compound comprises AgNO s , 
Ag 2 C0 3 , AgOAc, Ag 2 S0 4 , Ag 2 0, AgCl, AgBr, Agl, silver acetoacetate, a silver 
benzoate, or a combination thereof. 

19. The process of claim 1 , wherein the first biocidal compound comprises 
Cu(N0 3 ) 2 , CuC0 3 , CuS0 4 , CuCl 2 , CuBr 2 , Cul 2 , CuO, Cu 2 0, Cul, Cu(OAc) 2 , 
copper acetoacetate, copper gluconate, a copper benzoate, or a combination 
thereof. 

20. The process of claim 1, wherein the reducing agent comprises a reducing sugar 
or an antioxidant. 

2 1 . The process of claim 1 , wherein the reducing agent comprises glucose, fructose, 
formaldehyde, hydrazine, sodium dithionate, sodium bisulfite, or a combination 
thereof. 

22. The process of claim 1, wherein the reducing agent is ascorbic acid. 

23. The process of claim 1, wherein the support is from 0. 1 to 99.9% by weight and 
the first biocidal compound is from 0. 1 to 99.9% by weight, wherein the sum of 
the support and the first biocidal compound is 100 %. 

24. The process of claim 1, wherein after step (a) and prior to step (b), drying the 
mixture at from 20 to 50 °C. 

25. The process of claim 1, wherein the heating step (b) is conducted at from 200 to 
1,800 °G 

26. The process of claim 1, wherein 
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(a) the support comprises an oxide of aluminum, titanium, copper, 
vanadium, silicon, manganese, iron, zinc, zirconium, magnesium 
thorium, or a combination thereof; 

(b) the biocidal compound comprises a zinc compound, a mercury 
compound, a lead compound, an iron compound, a cobalt compound, a 
nickel compound, a manganese compound, an arsenic compound, an 
antimony compound, a bismuth compound, a cadmium compound, a 
chromium compound, a silver compound, a copper compound, or a 
combination thereof; and 

(c) the reducing agent comprises glucose, fructose, formaldehyde, 
hydrazine, sodium dithionate, sodium bisulfite, ascorbic acid, or a 
combination thereof. 

27. The process of claim 1 , wherein the support is aluminum oxide and the first 
biocidal compound is a silver compound, a copper compound, or a combination 
thereof. 

28. The process of claim 1, wherein the support is aluminum oxide calcined at from 
200 to 700 °C and the first biocidal compound is a silver compound, a copper 
compound, or a combination thereof. 

29. The process of claim 1, wherein the support is aluminum oxide, the first 
biocidal compound is AgN0 3 , the heating step (b) is from 100 to 600 °C, and 
the reducing agent is ascorbic acid. 

30. The process of claim 1, wherein the support is aluminum oxide, the first 
biocidal compound is Cu(N0 3 ) 2 • 2.5 H 2 0, the heating step (b) is from 100 to 
600 °C, and the reducing agent is ascorbic acid. 
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3 1 . The process of claim 1 , wherein the support is aluminum oxide, the first 
biocidal compound is Cu(N0 3 ) 2 • 2.5 H 2 0, the heating step (b) is from 100 to 
600 °C, and the reducing agent is sodium dithionate. 

32. The process of claim 1 , wherein after step (c), 

(d) admixing the first reduced biocidal/support composition with a binder 
comprising a colloidal metal oxide or colloidal metalloid oxide and an 
acid, and 

(e) removing a sufficient amount of water from the admixture to cross-link 
the binder with itself and/or the first reduced biocidal/support 
composition to produce a binder/biocidal composition. 

33. The process of claim 32, wherein after step (e), admixing the binder/biocidal 
composition with a second biocidal compound. 

34. The process of claim 1, wherein after step (c), admixing the first reduced 
biocidal/support composition with a second biocidal compound to produce a 
second biocidal/support composition. 

35. The process of claim 34, further comprising contacting the second 
biocidal/support composition with a reducing agent to reduce at least some of 
the second biocidal compound to produce a second reduced biocidal/support 
composition. 

36. The process of claim 35, further comprising oxidizing at least some of the 
second biocidal compound in the second reduced biocidal/support composition. 

37. The process of claim 36, wherein the oxidizing step comprises contacting the 
second reduced biocidal/support composition with an oxidizing agent, wherein 
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the oxidizing agent comprises oxygen, ozone, hydrogen peroxide, C10 2 , 00 3 \ 
air, or a combination thereof. 

38. The method of claim 36, wherein the oxidizing step comprises heating the 
second reduced biocidal/support composition in air at from 80 to 1,500 °C. 

39. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing a support with a first biocidal compound to produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to 
produce a heated mixture; 

(c) contacting the heated mixture produced in step (b) with a reducing agent 
to reduce at least some of the first biocidal compound to produce a first 
reduced biocidal/support composition; and 

(d) oxidizing at least some of the first biocidal compound in the first 
reduced biocidal/support composition to produce a first oxidized 
biocidal/support composition. 

40. The process of claim 39, wherein the support comprises carbon, a polymer, or a 
cellulosic fiber. 

41. The process of claim 39, wherein the support comprises a metal oxide. 

42. The process of claim 4 1 , wherein the metal oxide is an adsorbent and/or catalyst 
compound. 

43. The method of claim 39, wherein step (d) comprises heating the reduced 
biocidal/support composition in air at from 80 to 1,500 °C. 
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44. The method of claim 39, wherein the support is aluminum oxide, the biocidal 
compound is Cu(N0 3 ) 2 • 2.5 H 2 0, the heating step (b) is from 400 to 700 °C, the 
reducing agent is Na^^A, and the oxidizing step comprises heating the reduced 
biocidal/support composition in air from 90 to 110 °C. 

45. The process of claim 39, wherein after step (d), 

(e) admixing the first oxidized biocidal/support composition with a binder 
comprising a colloidal metal oxide or colloidal metalloid oxide and an 
acid, and 

(f) removing a sufficient amount of water from the admixture to cross-link 
the binder with itself and/or the first oxidized biocidal/support 
composition to produce a binder/biocidal composition. 

46. The process of claim 45, wherein after step (f), admixing the binder/biocidal 
composition with a second biocidal compound. 

47. The process of claim 39, wherein after step (d), admixing the first oxidized 
biocidal/support composition with a second biocidal compound to produce a 
second biocidal/support composition. 

48. The process of claim 47, further comprising contacting the second 
biocidal/support composition with a reducing agent to reduce at least some of 
the second biocidal compound to produce a reduced biocidal/support 
composition. 

49. The process of claim 48, further conprising oxidizing at least some of the 
second biocidal compound in the reduced biocidal/support composition. 

50. The process of claim 41, wherein prior to step (a), the metal oxide is (1) 
calcined at a particle temperature of from 200 to 700 °C, and (2) contacted with 
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a dilute acid, wherein the acid contacting is more than a surface wash but less 
than an etching, wherein the resultant acid treated metal oxide is not 
subsequently calcined. 

5 1 . The process of claim 39, wherein the support is aluminum oxide. 

52. The process of claim 39, wherein the support is silicon dioxide. 

53. The process of claim 39, wherein the support is an oxide of magnesium. 

54. A process for producing a composition containing a biocidal compound, 
comprising: 

(a) admixing a support with a biocidal compound to produce a mixture; 

(b) drying the mixture to produce a dried mixture; and 

(c) contacting the dried mixture produced in step (b) with a reducing agent 
to reduce at least some of the biocidal compound to produce a reduced 
biocidal/support composition. 

55. The process of claim 54, wherein the support comprises carbon, a polymer, or a 
cellulosic fiber. 

56. The process of claim 54, wherein the support comprises a metal oxide. 

57. The process of claim 56, wherein the metal oxide is an adsorbent and/or catalyst 
compound. 

58. The process of claim 54, wherein the support is aluminum oxide and the 
biocidal compound is a silver compound. 
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59. The process of claim 54, wherein the drying step is conducted at from 20 to 30 
°C 

60. The process of claim 54, wherein the support is aluminum oxide, the biocidal 
compound is AgN0 3 , the drying step is from 20 to 50 °C, and the reducing agent 
is ascorbic acid. 

61. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(1) a support; 

(2) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(3) a first biocidal compound; and 

(4) an acid; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the first biocidal compound to produce a first 
binder/biocidal composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) 
with a reducing agent to reduce at least some of the first biocidal 
compound to produce a first reduced biocidal/support composition. 

62. The process of claim 61, wherein the support comprises carbon, a polymer, or a 
cellulosic fiber. 
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63. The process of claim 61 , wherein the support comprises a metal oxide. 

64. The process of claim 63, wherein the metal oxide is an adsorbent and/or catalyst 
compound. 

65. The process of claim 61, further comprising oxidizing at least some of the first 
biocidal compound in the first reduced binder/biocidal composition to produce a 
first oxidized binder/biocidal composition. 

66. The process of claim 61, wherein after step (c), admixing the first reduced 
binder/biocidal composition with a second biocidal compound to produce a 
second binder/biocidal composition. 

67. The process of claim 66, further comprising contacting the second 
binder/biocidal composition with a reducing agent to reduce at least some of the 
second biocidal compound to produce a second reduced binder/biocidal 
composition. 

68. The process of claim 67, further comprising oxidizing at least some of the 
second biocidal compound in the second reduced binder/biocidal composition. 

69. The process of claim 64, wherein prior to step (a), the metal oxide is ( 1) 
calcined at a particle temperature of from 200 to 700 °C, and (2) contacted with 
a dilute acid, wherein the acid contacting is more than a surface wash but less 
than an etching, wherein the resultant acid treated metal oxide is not 
subsequently calcined. 

70. The process of claim 69, wherein the metal oxide is aluminum oxide. 

7 1 . The process of claim 6 1 , wherein the support is aluminum oxide. 

72. The process of claim 61 , wherein the support is silicon dioxide. 
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73. The process of claim 61 , wherein the support is an oxide of magnesium 

74. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support, and 

(iii) an acid, 

(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
biocidal compound to produce a first binder/biocidal composition. 

75. The process of claim 74, wherein the support comprises carbon, a polymer, or a 
cellulosic fiber. 

76. The process of claim 74, wherein the support comprises a metal oxide. 

77. The process of claim 75, wherein the metal oxide is an adsorbent and/or catalyst 
compound. 

78. The process of claim 74, wherein after step (c), contacting the first 
binder/biocidal composition with a reducing agent to reduce at least some of 
the first biocidal compound to produce a reduced binder/biocidal composition. 
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79. The process of claim 78, further comprising oxidizing at least some of the first 
biocidal compound in the reduced binder/biocidal composition. 

80. The process of claim 76, wherein prior to step (a), the metal oxide is (1) 
calcined at a particle temperature of from 200 to 700 °C, and (2) contacted with 
a dilute acid, wherein the acid contacting is more than a surface wash but less 
than an etching, wherein the resultant acid treated metal oxide is not 
subsequently calcined. 

8 1 . The process of claim 80, wherein the metal oxide is aluminum oxide. 

82. The process of claim 74, wherein the support is aluminum oxide. 

83. The process of claim 74, wherein the support is silicon dioxide. 

84. The process of claim 74, wherein the support is an oxide of magnesium 

85. A process for producing a composition containing an adsorbent and/or catalyst 
compound, comprising: 

(a) admixing a support with a first adsorbent and/or catalyst compound to 
produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to 
produce a heated mixture; and 

(c) contacting the heated mixture produced in step (b) with a reducing agent 
to reduce at least some of the first adsorbent and/or catalyst compound 
to produce a first reduced adsorbent and/or catalyst/support composition. 

86. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 
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(a) admixing a support with a first adsorbent and/or catalyst compound to 
produce a mixture; 

(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to 
produce a heated mixture; 

(c) contacting the heated mixture produced in step (b) with a reducing agent 
to reduce at least some of the first adsorbent and/or catalyst compound 
to produce a reduced adsorbent and/or catalyst/support composition; 
and 

(d) oxidizing at least some of the first adsorbent and/or catalyst compound 
in the reduced adsorbent and/or catalyst/support composition to produce 
an oxidized adsorbent and/or catalyst/support composition. 

87. A process for producing a composition containing an adsorbent and/or catalyst 
compound, comprising: 

(a) admixing a support with an adsorbent and/or catalyst compound to 
produce a mixture; 

(b) drying the mixture to produce a dried mixture; and 

(c) contacting the dried mixture produced in step (b) with a reducing agent 
to reduce at least some of the adsorbent and/or catalyst compound to 
produce a reduced adsorbent and/or catalyst compound/support 
composition. 

88. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 
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(1) a support; 

(2) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(3) a first adsorbent and/or catalyst compound; and 

(4) an acid; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the adsorbent and/or catalyst compound to 
produce a first binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition 
produced in step (b) with a reducing agent to reduce at least some of the 
first adsorbent and/or catalyst compound to produce a first reduced 
adsorbent and/or catalyst/support composition. 

89 a process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support, and 



(iii) an acid, 
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(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
adsorbent and/or catalyst compound to produce a first binder/adsorbent 
and/or catalyst composition. 

90. The composition produced by the process of claim 1 . 

9 1 . The composition produced by the process of claim 29. 

92. The composition produced by the process of claim 30. 

93. The composition produced by the process of claim 39. 

94. The composition produced by the process of claim 54. 

95. The composition produced by the process of claim 61 . 

96. The composition produced by the process of claim 74. 

97. The composition produced by the process of claim 85. 

98. The composition produced by the process of claim 86. 

99. The composition produced by the process of claim 87. 

100. The composition produced by the process of claim 88. 

101. The composition produced by the process of claim 89. 
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102. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 1 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

103. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 29 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

104. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 30 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

105. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 39 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

106. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 61 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

107. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 74 for a sufficient time to reduce or eliminate 
the amount of the bioactive agent in the environment. 

108. The method of claim 102, wherein the environment is a liquid. 
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109. The method of claim 102, wherein the environment is water. 

1 10. The method of claim 102, wherein the environment is air. 

111. The method of claim 102, wherein the bioactive agent comprises gram-positive 
bacteria, gram-negative bacteria, yeast, mold, protozoa, a virus, algae, mildew, 
or a combination thereof. 

112. A method for reducing or eliminating the amount of a contaminant from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 85 for a sufficient time to reduce or eliminate 
the amount of the contaminant in the environment. 

113. The method of claim 112, wherein the contaminant comprises H 2 S or S0 2 . 

1 14. A method for reducing or eliminating the amount of a contaminant from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 86 for a sufficient time to reduce or eliminate 
the amount of the contaminant in the environment. 

1 15. A method for reducing or eliminating the amount of a contaminant from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 87 for a sufficient time to reduce or eliminate 
the amount of the contaminant in the environment. 

116. A method for reducing or eliminating the amount of a contaminant from an 
environment, comprising contacting the environment with the composition 
produced by the process of claim 88 for a sufficient time to reduce or eliminate 
the amount of the contaminant in the environment. 

1 17. A method for reducing or eliminating the amount of a contaminant from an 
environment, comprising contacting the environment with the composition 
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produced by the process of claim 89 for a sufficient time to reduce or eliminate 
the amount of the contaminant in the environment. 

118. A method for reducing or eliminating the amount of a bio active agent from an 
environment, conprising contacting the environment with a biocidal compound 
system, wherein the biocidal compound system comprises: 

(a) a first layer comprising a scavenger, wherein the first layer has a first 
surface and a second surface, and 

(b) a second layer comprising the composition produced by the process of 
claim 1, wherein the second layer has a first surface and a second 
surface, 

wherein the first surface of the first layer is adjacent to and in contact with the 
first surface of the second layer, 

for a sufficient time to reduce or eliminate the amount of the bioactive agent in 
the environment. 

1 19. The method of claim 118, wherein the first biocidal compound in the second 
layer comprises a silver compound. 

120. The method of claim 118, wherein the scavenger comprises aluminum oxide. 

121. The method of claim 118, wherein the biocidal compound system further 
comprises a third layer comprising the composition produced by the process 
comprising: 



(a) admixing a support with a first biocidal compound to produce a mixture; 
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(b) heating the mixture produced in step (a) at from 80 to 1,800 °C to 
produce a heated mixture; 

(c) contacting the heated mixture produced in step (b) with a reducing agent 
to reduce at least some of the first biocidal compound to produce a first 
reduced biocidal/support composition; and 

(d) oxidizing at least some of the first biocidal compound in the first 
reduced biocidal/support composition to produce a first oxidized 
biocidal/support composition, 

wherein the third layer has a first surface and a second surface, wherein the first 
surface of the third layer is adjacent to and in contact with the second surface of 
the second layer, wherein the composition in the second layer is different than 
the composition in the third layer. 

122. The method of claim 121, wherein the first biocidal compound in the third layer 
comprises a copper compound. 

123. The method of claim 121, wherein in the second layer, the support is aluminum 
oxide and the first biocidal compound is a silver compound. 

124. The method of claim 118, wherein the environment initially contacts the second 
surface of the second layer. 

125. The method of claim 121, wherein the environment initially contacts the second 
surface of the third layer. 

126. The method of claim 118, wherein prior to contacting the biocidal compound 
system with the environment, contacting the biocidal compound system with 
water, a dilute acid, or a dilute base. 
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127. The method of claim 118, wherein the environment comprises drinking water. 

128. The method of claim 121, wherein the environment comprises drinking water. 

129. The method of claim 126, wherein the environment comprises drinking water. 

130. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with a biocidal compound 
system, wherein the biocidal compound system comprises; 

(a) a first layer comprising the composition produced by the process 
comprising: 

(i) admixing a first support with a first biocidal compound to 
produce a mixture; 

(ii) heating the mixture produced in step (i) at from 80 to 1,800 °C to 
produce a heated mixture; 

(iii) contacting the heated mixture produced in step (ii) with a 
reducing agent to reduce at least some of the first biocidal 
compound to produce a first reduced biocidal/support 
composition; and 

(iv) oxidizing at least some of the first biocidal compound in the first 
reduced biocidal/support composition to produce a first oxidized 
biocidal/support composition, 

wherein the first layer has a first surface and a second surface, and 

(b) a second layer comprising the composition produced by the process 
comprising: 
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(v) admixing a second support with a second biocidal compound to 
produce a mixture; 

(vi) heating the mixture produced in step (v) at from 80 to 1,800 °C 
to produce a heated mixture; and 

(vii) contacting the heated mixture produced in step (vii) with a 
reducing agent to reduce at least some of the second biocidal 
compound to produce a second reduced biocidal/support 
composition, 

wherein the first surface of the first layer is adjacent to and in contact with the 
first surface of the second layer, 

for a sufficient time to reduce or eliminate the amount of the bioactive agent in 
the environment. 

131. The method of claim 130, wherein the first support and the second support is 
aluminum oxide; the first biocidal compound is a copper compound; and the 
second biocidal compound is a silver compound. 

132. A method for reducing or eliminating the amount of a bioactive agent from an 
environment, comprising contacting the environment with a biocidal compound 
system, wherein the biocidal compound system comprises: 

(I) a first layer comprising a binder composition, wherein the binder 
composition is produced by the method comprising 



(i) mixing components comprising 
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(a) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(b) an oxide adsorbent and/or catalyst particle, and 

(c) an acid, and 

(ii) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or component b to form a binder composition, 

wherein the first layer has a first surface and a second surface, and 

(II) a second layer comprising the composition produced by the process of 
claim 1, wherein the second layer has a first surface and a second 
surface, 

wlierein the first surface of the first layer is adjacent to and in contact with the 
first surface of the second layer, 

for a sufficient time to reduce or eliminate the amount of the bioactive agent in 
the environment. 

133. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(ii) an adsorbent and/or catalyst compound and/or an adsorbent 
and/or catalyst precursor; and 
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(iii) a base; and 

(b) removing a sufficient amount of water to cross-link the binder with 

itself, the support, and/or the adsorbent and/or catalyst compound or the 
adsorbent and/or catalyst precursor to produce a binder/adsorbent and/or 
catalyst composition. 

134. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) mixing components comprising 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) an adsorbent and/or catalyst compound and/or an adsorbent 
and/or catalyst precursor comprising a non-amorphous, non- 
ceramic, crystalline, porous, calcined, metal oxide particle that 
was produced by calcining at a particle temperature of from 300° 
C to 700° C, with a dilute acid for a sufficient time to increase 
the adsorbent properties of the particle, wherein the resultant acid 
treated particle is not subsequently calcined, wherein the acid 
contacting is more than a surface wash but less than an etching of 
the particle, and 

(iii) water, 

(b) removing a sufficient amount of water from the mixture to cross-link 
component a to itself, thereby entrapping and holding component b 
within the cross-linked binder, to form an adsorbent and/or catalyst and 
binder system. 
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135. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(i) a support; 

(ii) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(iii) a first biocidal compound; and 

(iv) a base; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the first biocidal compound to produce a first 
binder/biocidal composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) 
with a reducing agent to reduce at least some of the first biocidal 
compound to produce a first reduced biocidal/support composition. 

136. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support, and 
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(iii) a base, 

(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
biocidal compound to produce a first binder/biocidal composition. 

137. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a support; 

(ii) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(iii) a first adsorbent and/or catalyst compound; and 

(iv) a base; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the adsorbent and/or catalyst compound to 
produce a first binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition 
produced in step (b) with a reducing agent to reduce at least some of the 
first adsorbent and/or catalyst compound to produce a first reduced 
adsorbent and/or catalyst/support composition. 
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138. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support, and 

(iii) a base, 

(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
adsorbent and/or catalyst compound to produce a first binder/adsorbent 
and/or catalyst composition. 

139. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(i) a support comprising an adsorbent and/or catalyst compound 

and/or an adsorbent and/or catalyst precursor comprising a non- 
amorphous, non-ceramic, crystalline, porous, calcined, metal 
oxide particle that was produced by calcining at a particle 
temperature of from 300° C to 700° C, with a dilute acid for a 
sufficient time to increase the adsorbent properties of the 
particle, wherein the resultant acid treated particle is not 
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subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle; 

(ii) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(iii) a first biocidal compound; and 

(iv) water; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the first biocidal compound to produce a first 
binder/biocidal composition; and 

(c) contacting the first binder/biocidal composition produced in step (b) 
with a reducing agent to reduce at least some of the first biocidal 
compound to produce a first reduced biocidal/support composition. 

140. A process for producing a composition containing a biocidal compound 
comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support comprising an adsorbent and/or catalyst compound 
and/or an adsorbent and/or catalyst precursor comprising a non- 
amorphous, non-ceramic, crystalline, porous, calcined, metal 
oxide particle that was produced by calcining at a particle 
temperature of from 300° C to 700° C, with a dilute acid for a 
sufficient time to increase the adsorbent properties of the 
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particle, wherein the resultant acid treated particle is not 
subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle, and 

(iii) water, 

(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
biocidal compound to produce a first binder/biocidal composition. 

141. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a support comprising an adsorbent and/or catalyst compound 
and/or an adsorbent and/or catalyst precursor comprising a non- 
amorphous, non-ceramic, crystalline, porous, calcined, metal 
oxide particle that was produced by calcining at a particle 
temperature of from 300° C to 700° C, with a dilute acid for a 
sufficient time to increase the adsorbent properties of the 
particle, wherein the resultant acid treated particle is not 
subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle; 

(ii) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide; 

(iii) a first adsorbent and/or catalyst compound; and 
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(iv) water; 

(b) removing a sufficient amount of water to cross-link the binder with 
itself, the support, and/or the adsorbent and/or catalyst compound to 
produce a first binder/adsorbent and/or catalyst composition; and 

(c) contacting the first binder/adsorbent and/or catalyst composition 
produced in step (b) with a reducing agent to reduce at least some of the 
first adsorbent and/or catalyst compound to produce a first reduced 
adsorbent and/or catalyst/support composition. 

142. A process for producing a composition containing an adsorbent and/or catalyst 
compound comprising: 

(a) admixing components comprising: 

(i) a binder comprising a colloidal metal oxide or colloidal 
metalloid oxide, 

(ii) a support comprising an adsorbent and/or catalyst compound 
and/or an adsorbent and/or catalyst precursor comprising a non- 
amorphous, non-ceramic, crystalline, porous, calcined, metal 
oxide particle that was produced by calcining at a particle 
temperature of from 300° C to 700° C, with a dilute acid for a 
sufficient time to increase the adsorbent properties of the 
particle, wherein the resultant acid treated particle is not 
subsequently calcined, wherein the acid contacting is more than a 
surface wash but less than an etching of the particle, and 

(iii) water, 
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(b) removing a sufficient amount of water from the mixture to cross-link the 
binder with itself and/or the support to produce a binder/support system; 
and 

(c) admixing the binder/support system produced in step (b) with a first 
adsorbent and/or catalyst compound to produce a first binder/adsorbent 
and/or catalyst composition. 

143. The composition produced by the process of claim 133. 

144. The composition produced by the process of claim 134. 

145. The composition produced by the process of claim 135. 

146. The composition produced by the process of claim 136. 

147. The composition produced by the process of claim 137. 

148. The composition produced by the process of claim 138. 

149. The composition produced by the process of claim 139. 

150. The composition produced by the process of claim 140. 

151. The compo sition produced by the process of claim 141. 

152. The composition produced by the process of claim 142. 

153. A method for reducing or eliminating the amount of a contaminant and/or a 
bio active agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 133 for a sufficient time 
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to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 

154. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 134 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 



155. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 135 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 



156. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 136 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 



157. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 137 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 



158. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 138 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 
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159. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 139 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 

160. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 140 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 

161. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 141 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 

162. A method for reducing or eliminating the amount of a contaminant and/or a 
bioactive agent from an environment, comprising contacting the environment 
with the composition produced by the process of claim 142 for a sufficient time 
to reduce or eliminate the amount of the contaminant and/or bioactive agent in 
the environment. 



